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FOREWORD

Part I of this report presents a detail economic analysis of the newly
developed process and the results of an evaluation of the parts by
engine testing. In the economic analysis each of the detail operation,
i.e. extrusion, forming, welding, etc., were treated independently.

This provided a means of comparing this process to conventional manu-
facturing methods such as forging. In a similar manner the results of
the engine testing were compared to results obtained from conventionally

manufactured parts which were previously tested.
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I. INTRODUCTION

Conventional manufacturing techniques applied to titanium and titenium alloy
Jet engine components result in high costs primarily due to low material
utilization and subsequent loss of the expensive material through machining.
For titanium jet engine components applicable to the extrusion process, i.e.
flange and tubular sections, & new production method capable of high
material utilization has been developed.  This was accomplished primarily
through the use of the extrusion process. In addition, the use of cast
ingots as the extrusion stock has reduced the end product cost appreciably.
The flow chart presented on the previous page schematically illustrates

the high material utilization and low costs available from cast ingot
extrusions by comparing this method to forging and conventional extrusion
of forged billets.

Consequently, compared to conventional forging, or flash-butt welding rings
from barstock, this new process is capable of reducing the costs of such
components by as much as 40 percent. In addition to reduced costs , through
metallurgical evaluation and engine testing, these components have been
demonstrated to be of equivalent quality to conventionally manufactured
parts.

The results of the engine testing evaluation and a detail analysis of the
economics of the process are presented in this report. Although a

12,000 ton press was used exclusively for the actual extrusions a maximum
pressure requirement of 4000 tons was observed for the flange shapes.
Therefore, extrusion cost figures are presented separately for both a
4000 ton and & 12,000 ton press. Lower costs result from the use of

the 4000 ton press due to the lower hourly cost of this unit

($150/hr vs. $600/hr.).
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II. OBIECT

The objective of this final report is to:

1, Present an economic analysis of the developed titanium
manufacturing method which utilizes the extrusion process,
and

2, Present the results of engine testing of the titanium
parts manufactured by this method,
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IIT. SUMMARY

1, Three sheet metal assemblies and the turbine rotor shaft were
sutmitted to a 150 hour model engine test. Review of the parts
after engine testing revealed no adverse effect of the test on
the titenium,

2, The following lists the cost per pound of extruded sections pro-
duced from cast ingots utilizing a 4000 ton press and a 12000
ton press.

Rough Cost of Fxtruded Sections
Part Veight (Dollers/pound)
Number Name (1bs) 4000_ton Press 12000 ton press

226956 Flanges, Rear Main 4o 17.00 26,00
226961 Bearing Vapor Duct 8.9 14,00 18.00
Ass'y. Mat'L. AMS 4921

226962 Flanges, Rear Main 9.7 14.50 19,50
226963 Bearing Support Cone 6.7 15.00 20,50
226964 Ass'y. Mat'l., AMS,921 5.0 18,50 27,00

226966 Flenge, Combustion 2.4 20,50 33.00
Chember Heat Shield
Ass'y. Matl, AMS 4921

20,50 27,00
22,50 30.00

227594, Flanges, Turbine Stator
227596 Blade Support Ass'y.
Mat'l, A110-AT

0 ®
W~

226970 Shaft-Turbine Rotor 43.50 - 28,00
Front - Mat'l, AL10-AT

The range of prices for the AMS 4921 material using a 4000 ton press
($14°0051b to $20.50/1b) is comparable to the cost of round mill
sections. The slightly higher costs for the A110-AT sections is
primarily due to the lesser die life than that obtainable for the
AMS 4921 material.

3. The cost of forming, welding, and sizing of the extruded sections
ranges between $4.50/1b and $10/1b. The higher costs result primerily
from the smeller diameter, heavier cross-section shapes.
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IIT. SUMMARY (CUNT'D)

4o - The following tabularizes the cost of manufacture of each detail IV, CONCLUSIONS
part for both a 4000 ton and a 12000 ton press, Also presented i
in this teble is & comparison to the estimated costs by conven-
tional techniques. Titanium and titanium alloy components manufactured from

. cast ingot extrusionshave properties, as demonstrated by
both metallurgical examination and engine model testing,

Cost which are equivalent to conventionally manufactured parts.
Cost by Extrusion By
Part (Dollars) Conventional This newly developed method of extruding directly from
Number  Neme 4000 ton Press 12000 _ton Press Techniques(Dollars) + cast ingots is considerably more economical than man.
facture by conventional techniques such as forging or
225956 Flanges-Rear Main 105,00 143,00 152,00 2 flash-butt welding barstock., ¢
226961 Bearing Vapor Duct 175,00 216.00 297.00 _

Ass'y. In addition to lower costs, considerably less raw mate
rial is required to manufacture components by this pro-
cess. Consequently, the widespread use of this method

226962 Flanges-Rear Main 182,00 232,00 254,00 will greatly reduce the procurement cycle and increase
226963 Bearing Support 134,00 173,00 200,00 the availability of titanium mill products such as sheet.
226964 Cone Ass'y. 129,00 171,00 157.00
226966 Flange, Combustion 74,00 104,00 76.00
Chember Heat Shield
Ass'y,
227594 Flanges, Turbine 228,00 284.00 266,00
! 227596 Stator Blade Support 269,00 337.00 304.00
[ Ass'y,
226970 Shaft, Turbine Rotor- - 1294,.00 1630,00
Front

While & definite advantege exists for most of the larger flange
shapes with the use of a 12000 ton press, a considerably lower

cost would be possible with a 4000 ton press due to the lower press
J burden rete,

5. Compared to conventional mamfacturing methods cost reductions as
: l high as 40 percent are indicated, In.all cases enaverage savings

of 25 percent is indicated.

| 6, The procurement cycle for components manufactured f;

; rom extruded

i sections is equivalent to that presently obtainable utilizing
conventional. techniques, Hovever; with an increase in the volume

ch components will be i
less than that for conventionally manufactured parts, consldersily

71{ of extrusions the cycle time for su
{
|
|
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V. RECOMMENDATIONS

1, Disseminate the information presented in this final report
throughout the aircraft industry for its use for govern-
mental purposes.

2, Direct all users of titanium for governmental purposes to
review their drawings for components applicable to the
extrusion process to insure minimum cost and maximum mate=-
rial uwtilization.

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/09/09 : CIA-RDP81-01043R002500180004-7




Declassified in Part - Sanitized Copy Approved for Release_@ 50-Yr 2013/09/09 : CIA-RDP81-01043R002500180004-7

i
i
b

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/09/09 - CIA-RDP81-01043R002500180004-7

Vi

STAT

DISOUSSION

In the following section of this report, Part II, a production method is
described for manufacturing jet engine components such as flanges and tubular
shafts. Both types of parts utilized the extrusion process as the primary
operation to transform cast ingots into the required basic cross-sections.
For the flanges, the extruded shapes were formed into 360 degree rings,
flash-butt welded and sized. These rings were then machined to the detailed
part dimensions and welded to sheet metal componentsto form & jet engine
assembly. For the shaft, the extruded tube was upset on both ends and
machined to detail part dimensions, thus permitting it to become part of the
turbine rotor assembly. In this manner, the detailed parts were produced
utilizing considerably less material than that required to make these

same parts by conventional techniques such as forging or flash-butt welding
rings from barstock. '

A. Engine Testing

To manufacture the parts for the production phase, both cas ingots and
forged billets of AT0 and ALLOAT material were extruded. A metallurgical
analysis was then performed on the extruded lengths and the finished
formed rings. This study revealed the properties of the cast ingot extru-
sions to be equivalent to those made from forged billets. In addition,
the mechanical properties of both materials were found to conform to the
applicable specification requirements.

To permit a further evaluation of the product of this newly developed
manufacturing method, the assemblies, composed of the detail parts, were
engine tested. These units are shown pictorially in Figures 1 through 5
and are listed below:

1. Combustion Chamber Heat Shield Assembly P/N 608120
2. Rear Main Bearing Vapor Duct Assembly P/N 608109
3. Rear Main Bearing Support Cone Assembly P/N 608118

L. Turbine Rotor Shaft - Front P/N 226970
5. Turbine Stator Blade Support Assembly P/N 608569

The first four units listed above were assembled into a J-65-W-18 model
engine and were submitted to a typical development testing common to the
development of other engine components currently programmed. This testing,
representing an unofficial 150 hour model test, is identical to that em-
ployed in qualifying a part for flight testing or service engines.

This testing was not possible for the Turbine Stator Blade Support Assembly.
This assembly was menufactured to a configuration common only to the J-65-W12
model. Since engine testing of this model is not presently active, the test-
ing of this assembly was deleted from the program.

As previously noted, the assemblies were made of both AMS 4921 and A110AT
Titanium. In engine operation the AMS 4921 material was used to replace
carbon and stainless steel, thus providing a lightweight replacement for
mildly stressed, and/or corrosion resistant steel parts for temperatures

1
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VI DISCUSSION (CONT'D

VI DISCUSSION (CONT'D

to 700°F, The A110-AT material replaced higher stressed units
made of 1ow carbon or low alloy steels at temperatures to 1000°F.
The locations of these titanium components in the emgine are
shown schematically in Figure 6.

The titanium assemblies will be subjected in the future to addi-
tional model testing and possibly flight testing or service
engines pending continued support by the military.

Economic Analysis

One of the major, if not the most important aspectsof the program
is an economic analysis. The following presents such an analysis
for this manufacturing method for a quantity of 100 units.

1. Extrusion Operation

The detail cost breakdown for the extruded sections is pre-
sented in Appendix I and sumarized in Table I. To under-
stand this analysis it is noted that all flange extrusions
are made from cast ingots., Two and three hole dies are used
for the extrusion of each part except P/N 226961. The cross-
section area of this part is sufficiently large to permit

its extrusion through a single orifice die., The rotor shaft
was also extruded through a single opening die. The geome-
tries of the finished parts are presented in Figures 7 through
15, The following presents a discussion of each of the major
factors contributing to the cost of the extrusion operation
presented in Appendix I and summarized in Table I.

Cost_of Extrusion Stock
Two factors contribute to the cost of the raw material pro-
c\‘med; first, and foremost, the cost per pound of the mate-
rials and second, the quantity of materisl required, The

following lists the cost of the titanium extrusion stock for
the quantities considereds

8 in, dia, 16 in, dia.

(Flanges) (Rotor Shaft)
AMS 921 $5.50/1b -
A110-AT 6.15/1p $5.90/1b

The quantity of material procured is determined in this
case, from the extrusion operation yield and the generated
scrap. It was previously established that an extrusion
yield of approximately 70 percent is obtainable, The mate-
rial lost is primarily attributed to the wextruded butt.

A scrap factor of approximately 15 percent is also required.
This scrap is generated in off-dimension extrusions. There~
fore, the overall yield, i.e. material purchased vs. mate-
rial shipped, is between 50 and 60 percent.

Press Costs

A1l the work on this program was performed on the 12,000 ton
horizontal extrusion press located at Metals Processing Divi-
sion in Buffalo, N.¥. Only the rotor shaft required the

full press capacity. Both the AMS 4921 and A110-AT flanges
were extruded through multi-opening dies utilizing the L,000
ton stage of this press. For the manufacture of production
parts this situation is economically prohibitive due to the
relatively high overhead rate for a 12000 ton press ($600/hr).
Tt would be more economical to extrude these sections through
multi-opening dies using a LOOO ton press directly. The over
head rate of this size press is approximately $150/hr. In

- addition, considerably more material can be produced per hour

through a LO0O ton press vs. the use of the LOOO ton stage of
a 12000 ton press due to the higher cycle rate. For these
reasons, the figures for press costs are quoted separatively
for a LOOO ton press and a 12000 ton press.

Two cost figures are presented for the 12000 ton press. The
first figures (second column under press costs) represents
the cost actually incurred in manufacturing the parts on this
program, Due to the limited volume of titanium processed and
the intermittent use of the press for steel extrusions, only
one of the salt baths was equipped with a low temperature salt
for heating the titanium (1600°F).

It is noted that the salt used to heat steel at approximately
2100°F could not be used at temperatures below 1800°F without
contamination of the salt and eventual attack on the furnace.
Consequently, as indicated in Appendix I the number of extrusions
per hour was limited because of the availably heating capacity.
For a sufficiently large volume of titanium extrusions both
salt baths could be converted to the lower temperature salt.

If this was not the case and titanium and steel were extruded
intermittently an additional salt bath would be required to
obtain the optimum use of such a 12000 ton press. The press
cost under the latter conditions is presented in the third
colum,

=
[#5)
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VI DISCUSSION (CONT!D )

VI, DISCUSSION (CUNT!D)

At present, all production suppliers of titanium extrusions
use single opening dies. Consequently, until all the practices
presented in this series of reports are put into practice by
commer ¢ial extruders with relatively small units end ring
mamifacturers, the velues presented for the 12000. ton press
may be the most economicel, even considering the relitively
small cross-sections involved, i.e. less than 1.5 in<,

The rotor shaft, having a cross-section area of approximately
12 in? cannot be extruded through anything less than a 12000
ton press due to the required pressures.

Dies

Die ingerts costing approximately $175/insert are used ex-
clusively for the flanges. The die costs, therefore, are
established by the quantity of inserts required to complete
the order. For the A70 materisl each insert is capable of
producing & total extrusion length of approximately 100 ft,
The length per each extrusion is a maximum of 20 ft. and 5
extrusions can be mads per die, Extruding the A110-AT mate-
rial is considerably rougher on die life, Approximately 15
ft. of extrusion can be made satisfactorily snd each extru-
sion requires the use of a new die,

Miscellaneous Charges

The value indicated in this column is primarily composed of
the cost required t¢ perform the testing for certification
of the extruded sections.

Selling Price

These columns zregelf explanatory, The addition of G and
A end profit to the actual cost, yleld the selling price,
Based on this selling price the following 1ist of costs per
pound of the extruded sections has been determined.,

Cost/1b

Port Mumber  Name Shipping Wt 4000 Ton 12000 Ton
226956 Flanges, Rear Main 42 17.00 26,00
226961 Brg. Vapor Duct 8.9 14,00 18.00

Assenbly *
226962 Flanges, Rear Main 9.7 14.50 19,50 i
226963 Bearing Support 6.7 1l§aoo 23.50 I
226964, Cone Assembly 5.0 18.50 27.00 m
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Part Number Name Shipping Wb. L4000 Ton 12000 Ton
226966 Flange, Combustion 2.h 20,50 33,00

Chamber Heat Shield

Assembly
22759} Flanges, Turbine 6.l 20,50 27,00
227596 Stator Blade Sup- 9.3 22,50 30,00

port Assembly

226970 Shaft, Turbine L3.50 28.00
Rotor Front

For the most part, the prices for the L000 ton press are
directly competitive with commercially available bar of
comparable cross-section area.

Forming, Welding, Sizing & Upsetting

Based on the results obtained from processing the,production
phase parts; an engineering survey was made by the ring
manufacturing and upsetting vendors to establish the cost
for processing a quantity of 100 umits, The established
costs for these secondary operations, i.e. forming, weld-
ing and sizing for the flanges are presented in detail

in Tables II through IV for each operation, The total

costg for the ring manufacturing operation are summarized

in Table V,

Forming

The equipment used to form the extruded sections into
360 degree rings was a Bath Radial Draw Fommer. Prior
to forming, the extruded AMS 4921 titanium sections
Were heated to the temperature range of 700°F to 1000°F
while the higher temperature range of 1200°F to 1400°F
was required for the A110-AT sections. In general; cone
tour forming was accomplished by three passes on the
machine. The first pass is a rough forming operation
followed by a second pass which formed the part to the
desired diameter. The final pass was used to round=off
the ends of the ring thus preparing them for subsequent
welding. An end trimming operation and reheating is
required between each forming pass,

A breakdown of the ring forming cost is presented in
Table IT. The three items contributing to this cost
are the machine time, trimming and inspection time

and the cost for tool maintenance. The overhead rate

15
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VI DISCUSSION (CONT'D

i uipment is approximate 0 d
i;: :ma;q?ﬂmg cost is a direct function of thelzz}l:m:hzee
ired to form each ring. Except fc:r the .more :o:;]a. mmm]: 5
ﬁmely PB/N 226961 and the AL10-AT rings, the ;:tuim achine
cost is mot appreciably effected by minor var o O ot ot
ection, The next largest factor contributing bot  Coine
::i.ng fo;'m:Lng is the cost of trimming tl:w rings betwe: ncmr "
sses and inspecting. A nominal tooling main?emn;ethe die
i: required to maintain the desired configuration o Cofeny
and rolls, The latter two charges are affected very slightly

by the ring configuration.

1y $16,00/hr, Consequently,

Welding

For welding the formed s;cgign;‘, Sthelg(Zit E}g;ge;&re gized

e of a Thomson Model F-5 We, ' IL,
zglotﬁzj‘ﬁ' items contributing to‘the cos? of x:lelda.ng ::: ex-
truded and formed sections are the machmeAtme ag e
cost for flash removal, Indeed, the.co?t vmcxé.rreinggn C
presently utilized method of hand chipping and gr: - gm—
flash removal represent one-half of the cost. for this p!
cess.

] neral, comsidering the variations in cross sections
iiar%u?gidp ’ihe finished part costewere I‘ound.to be ox.ﬁ.yt
slightly effected by material or cross section, Sl:égh l%,er
higher costs, however, did result from the smallef 1aE:eL s
heavier cross section rings, (PN 22696'1) as conﬁldera y
more care was required in their processing. The'actual
welding costs vary from §3/part to $6.50/part.

Sizing of all rings was accomplished on a 225 ton brake
p;esa% Prior to gizing the ring shapes, both theo ‘dies
and rings were heated to the range of 700 to 1250°F. This
pernitted the AMS L921 material to be expanded 2 to 3 per-
cent and the A110-AT rings to be expanded a maximum of

1 1/2 percent, A two step operation was used in sizing
all rings.

The detail cost breakdown for the sizing operation is pre=
sented in Table IV, The major items contributing to the
sizing cost are the machine charges and the cost for in-
spection, In general, the cost for sizing is nominal

and ranges from $5.00/pert to $6.50/part,

VI DISCUSSION (CONTID)

Sell:“mg Price of Rings

In Tables IT through IV, the actual costs of forming,
welding and sizing were presented, based on an engine-
ering survey. To establish the selling price for the
ring manufacturing operations, two additional factors
mst be considered. These factors are the cost of scrap
and profit and G & A,

These items are presented at the end of Table IV, A
scrap factor of 10 percent of the cost of the extruded
section was added to the cost of the actual operations.
This factor is exceedingly high and will remain so until
considerably more experience is gained by the ring manu
facturers in processing titanium, It is estimated that
this factor need not exceed 2 percent in production pro=
cessing once the vendors have familarized themselves
with the processing of titanium. In the same way as for
the extruded section, the cost of G & A and profit has
been included. In this manner, a realistic cost for the
present day procurement of these sections has been pre-
sented. This total cost is presented in the last colum
of Table IV. Prices ranging from approximately $25/part
to $60/part are noted, These prices represent a cost
per pound of approximately $8,00. In general, slightly
higher costs are observed for the A110-AT material com-
pared to the AMS 4921 material,

Upsetting

In processing the production phase parts, a 6" Ajax air
forging machine was used to upset the flanges on the exe
truded tube to produce the turbine rotor shaft., In this
operation; a 3 step pass with intermittent heating to
1900°F was used. While this resulted in a successful
upset for the prototype part, the production parts had

a lap at the imer diameter beneath the flange, This

is discussed in detail in Part 2 of this final report.
In performing the engineering survey to obtain the cost
of upsetting 100 shafts, it was decided, due to the lap
which resulted in the 3 pass operation to base the analysis
on a l pass operation with intermittent heating., This
price has been established at $83.30 per shaft. This
cost is primarily that required to perform the actual
upsetting and therefore, represents a machine burden
charge, In addition to this cost per piece, a fixed
tooling charge of $1L,725. is anticipated,
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‘ 4 VI DISCUSSION (CONT'D
VI DISCUSSION (GONT'D) L DISOUSSION (CONT!D)

3. Finished Detail Part Costs

Table V presents a detail summary analysis of the cost
of manufacturing the complete detail part from cast
ingot extrusions. In this analysis, the costsfor both
a 1000 ton and a 12000 ton press are presented,

Considering the use of a L0OO ton press, the finished
part cost is evenly distributed among material, extru-
sion and ring manufacture. The following tabulerizes the
finished part costs.

Finished Part Cost

For the four sheet metal assemblies and the rotor shaf't,
a total maximum savings of $7L5.00 has been attained,
This savings considers the use of the 4000 ton press for
the flanges and the 12000 ton press for the shaft, This
savings is for a total of only nine specific components.
Extrapolating this information to applicable shapes; i.e,
rotating shrouds, stator blade carrier rings, etc. in a
Jet engine such as the J-65 indicates a total potential
savings per engine in excess of $3500, For a total of
1000 engines, this savings rapidly increases to a value
in excess of $3,500,000.

At present, the procurement cycle for parts manufactured
in this newly developed way is comparable to conventicnal

| Part Number Name L1000 _ton press _ 12000 ton press techniques. A three month procurement cycle time for ex-
| truded sections is readily obtainable. This cycle time
| 226956 Flanges, Rear Main $105.00 $113.00 will improve considerably with the widespread utilization
| 226961 Bearing Vapor Duct 175.00 216.00 of extrusions,
; Assenbly
| 226962 Flanges, Rear Main 182.00 232,00
“ 226963 Bearing Support 13L.00 173.00
| 22696) Cone Assembly 129,00 171.00
226966 Flange, Combustion 74,00 104.00

C.

Chamber Heat
Shield Assembly

22759) Flanges, Turbine 228,00 28L;.,00
227596 Stator Blade 269,00 337,00
Support Assembly

226970 Shaft, Turbine - 129100
Rotor Front

Economic Comparison

Prior to the initiation of this development program, three of
the sheet metal assemblies and the turbine rotor shaft were
procured in small quentities for development engine testing,
The cost of these components is listed in Table VI, It is
emphasized that these cost figures are for very small quanti-
ties procured in 1953 and 195},

To enable a direct comparison between the two manufacturing
methods, the cost figures presented in Table VI have been
adjusted for larger quantities at present day material and
labor costs. This comparison is presented in Table VII,
This data indicates savings up to L0 percent and an average

savings exceeding 25 percent of the cost by conventional
methods,

18
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TABLE VI
Cost Uf Detail Titenium Parts By Conventional Manufacturing Methods
d e
e 88 88
; g B e e A N
Cost Per Weight Cost Per T Tee s s 18
Pert Number Form Quantity  Plece § (Lbs.) Pound § 3 85y dek B N
i 8 B
226956 2 356,00 8.4 42,50 1 s 8 % B 88 8 3’
~ 5 8 A a8 £ &R %1%
226961 & 2 353.00 16.5 21,40 , il *‘ H
{ A 8| 3§
| o ! N flog &8 gee 8 88 !
| 226962 9% 2 1114.00 14.1 79.00 g g8 g < 58 T
| T 8
‘ 226963 of 2 392,00 1.1 35.00 il AN .
| & 5 IS [N ' “ 3
| 226964 P 2 191.00 8.7 22,00 i
. 48 I1] Hitles e e .
! 226966 Ll 2 282,00 4.0 70,00 . f £#33 Ad 588§ 58 !
i b T ——
226970 Forging 2 2055.00 74.0 28,00 #1108 gles  geg g TR
i 3 § g gig @ g'g 3
AR
o 3 £ H 888 8 88
| Note: All cost figures are for 1953 and 1954 ¥ i s gAR 8 8y !
H 3 - ak ]
‘ 8 3 8
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i i L EER
! . p i 8RS 88 g
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P/N 226956

P/N 226962

PIN226964

PIN 226961

1]
]

B/l 608118 «

Hear Mein Besring

Support, Cone Assenbly
| P/N 608109

REAR MAIN BEARING

| ‘
: FIG. 1-P/N60BII8 -REAR MAIN BEARING SUPPORT CONE ASSEMBLY R

|
| :
I “ FIG. 2 - P/N 608109~ REAR MAN BEARING VAPOR. DUCT ASSEMBLY

30
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P/N 227594

-

P/N 227596

FIG. 4- P/N 608569~ TURBINE STATOR BLADE SUPPORT ASSEMBLY.

FIG. 3- P/N 608120- COMBUSTION CHAMBER HEAT SHIELD ASSEMBLY.

P/N 226966/
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REAR MAIN BEARING SUPPORT CONE
COMBUSTION CHAMBER HEAT SHIELD

TURBINE ROTOR SHAFT-FRONT

TURBINE STATOR BLADE
SUPPORT

REAR MAIN BEARING
VAPOR  DUCT

FIGURE 6
CUTAWAY VIEW OF THE CURTISS-WRIGHT J65 TURBOJET SHOWING
THE TITANIUM PARTS AND ASSEMBLIES MANUFACTURED UNDER
THIS  PROGRAM.

|
|

FIG. 5- P/N 226970 - SHAFT, TURBINE ROTOR FRONT
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| A : | p Drg. tors
1 v N 7875
§ N N 2085
| § N 12, 875 DIA. - |
§ |
N _
3 - 14.275 D14 —.457 ke
f 42 |
| /)s24 -
i 2 e 1244 _
- .
945 — o :
2.192 (per)— —
FIGURE 7, P/N 226961 - Reer Flange, Rear Main FIGURE 8, P/N 226956 - Front Flange,
Bearing Vapor Duct Assembly, Rear Main Bearing Vapor Duct
Material Ti-A70. Assembly, Material Ti-AT0.
FICURE 9. B/4 22éa€2 - Front Flange, FIGURE 10. P/N 226963 - Rear Flange,
ein Dexring Support Rear main Bearing Su,
Cone Assy'y, Material Ti-A70. Cone Ass'y, Mﬂteﬁislpgi:z 70
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- FIGURE 13, P/N 227594 - Rear Flange, Turbine Stator FIGURE 14, P/N 227596
¢ Blade Support Assembly, Material Ti- Front Flange, Turbine
f FIGURE 11, P/N 226964 - Flange Brece, Rear FIGURE 12, P/N 226966 - Flange, Cembustion A 110-AT. ' Stetor Blade Support
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39

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/09/09 : CIA-RDP81-01043R002500180004-7



Declassified in Part - Sanitized Copy Approved for Release_@ 50-Yr 2013/09/09 : CIA-RDP81-01043R002500180004-7

SSTAT

VIII. APPENDIX I

DETATLED COST ANALYSIS OF THE EXTRUSION PROCESS

L6302

P/N 226970 - Shaft, Turbine Rotor Front, Material Ti-A110-AT

FIGURE 15.
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VIII. APPENDIX I

DETAILED COST ANALYSIS OF THE EXTRUSION PROCESS

P/N 226970 - Shaft, Turbine Rotor Front , Material Ti-A110-AT

FIGURE 15.
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FORENORD

This portion of the final report describes & production technique

for the manufacture of titanium jet engine components of higher
quality and at lower costs than presently employed conventional manu-
facturing methods. The extrusion operation, capable of yielding a
high material utilization, was utilized as the basic process. The
development work required to establish this production process is

also reported.

The authors would like to acknowledge the work performed by the

various companies responsible for the manufacture of the titanium

parts and assemblies and the aid provided by coworkers in the Develop-
ment Metallurgy Division of Wright Aeronsutical Division in evaluating

these parts and assemblies.
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57. &) Beginning of hot contour forming operation. The twist in the 9 T 72,  Production extrusion shape for P/N 226956. k5
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EERRERRRREEEREEEERE

I. INTRODUCTION

In recent years the military, recognizing the potentiality of
titanium for aircraft applicetions, has made a concerted effort
to develop the "state of the art". Consequently, the develop-
ment of titanium alloys has progressed at & rapid rate far sur-
passing ‘the development of any other structural material. One
obstacle, however, that of economics, must be overcome before
this metal can be used to its full potential. To this end,

the present program was initiated.

The relatively high cost of titanium clearly indicates that an
appreciable savings will result from & high material utiliza-
tion factor, i.e. the ratio of the finished part weight to that
of the raw material required to produce the part. The extrusion
process is ideally suited as the basic operation for the manu-
facture of parts with a high material utilization factor in

that complex cross sections can be obtained with & minimum of
machining. In addition, for the titanium materials investigated,
extruding directly from a cast ingot provides an additional

cost savings in that both the cost of the forging operation and
the material lost in forging are eliminated.

Specific parts such as flange and tubular shapes are'applieable
to the extrusion process. In the case of the flanges, the basic
cross section is extruded in straight sections. Subsequent form-
ing, welding, sizing operations produce the desired circular con-
figuration., This replaces conventional methods of forging the
ring directly or fabricating rings from barstock. In both these
operations considerable material is lost in machining the detail
cross section. For tubular shapes, conventional forging cannot
compete with extrusion for production of parts with & minimum of
machining and & maximum of material utilization in the process
itself.

Both flange and tubular shepes, typical of such application for
titanium in jet engines were selected for study. These assemblies
are shown schematically in the cutaway of & Curtiss-Wright J-65
Turbojet, Figure 1. The materials selected were both unalloyed
(AMS 4921) and the A110-AT titanium alloy.

The results obtained from development directed toward the establish-
ment of & production processing method are presented in this report.
Results of subsequent engine testing of these assemblies an::l/or
parts and economic analysis of the process were presented in the
previous section of this final report.
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II. QBIECT

The objective of this final report is tos

1. Summarize and present the results of development studies
directed toward manufacturing titanium components of
higher quality and at lower costs than presently avail-
able through presently employed conventional techniques,
and

2. Describe this menufacturing method in sufficient detail
to permit its utilization by other Air Force sub-contractors
for governmental purposes.
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III. CONCLUSIONS

ing generalized conclusions:

1, Detail titanium parts such as end flanges and tubular
sections can be manufactured by extruding the basic
configuration and performing secondary operations
such as ring forming or upsetting for the desired end
configuration. This technique results in considerably
higher material utilization when compared to conven-
tional methods such as forging. A machining envelope
of approximately 0,050 inch has been determined as
satisfactory for such varte.

|
i m The results obtained on this program permit the follow-

2. The extrusion of the basic configuration from cast

1 ingots of A70 and A110-AT titanium will result in
] - mechanical properties which are equivalent to a forged
: section or an extrusion from a forged billet.

3, The following dimensional tolerances are obtainable in
the extrusion operation for extruded lengths of twenty
feet and fifteen feet for the A70 and A110-AT titanium
materials; respectively.

i Nominal Metel Dimension Extrusion Tolerance
o Less then 1,0 inch £ 0,010
i 1,0 to 2.0 inch %oaozo
- 2,0 to 3,0 inch £ 0,030

i Lo The present limitation of approximately five extrusions
| L per die for A70 and one extrusion per die for the A110-
| . AT 1imit the linear footage of extruded material to
| approximately 100 and 15 feet, respectively. The use of
. i milti-opening dies can readily increase this yield by at
: least a factor of three.

i 5, To obtain optimum surface finish on extruded sections and
k maximum die life the extrusion processing variables must
be controlled carefully.

6, Forming of A70 rings should be performed in the temperature
range of 700~-1000°F, A110-AT rings should be formed in the
temperature range of 1200-1400°F, In this way small dia-
metersand complex cross sections can be formed readily.

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/09/09 : CIA-RDP81-01043R002500180004-7



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/09/09 : CIA-RDP81-01043R002500180004-7

SSTAT

IV, RECOMMENDATIUNS

TII, CONCLUSIONS (Cont'd )

7, Large variations 18 cross

1. Where applicable, utilize the extrusion operation as the

section (rib ratios of primary operation in producing titenium parts with a maxi-

. essfully flash butt welded by : o of . -
zigg}aiyczgnzioﬁiggsthe h)e'ating of the thinner . mun of material utilization
sections. 2. For A70 and A110AT components extrude directly from cast
should b perforned in the ingots vhere the extrusion ratio is greater than 10:1.
8, Sizing of titanium rings sho e
1291111361%5’0\11'9 range of 700“1%5001;’ ﬁ;pan]dnamufgf 3, Consider additional development along the following liness
naterial 2% and the A110-AT mater al &
11/2 % [ 8. Development of a long life extrusion die.
" i b, Development studies on upsetting titanium tubing to
9, Conventional steel upsetting techniques and limi- extablish the limitations of the process.

tations do not apply to titanium,

t be manu-
10, The parts considered in this report canno
factﬁred as a production item without considerable
production experience in the specific titanium alloys
and shapes considered.
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V. SUMIARY

The detail titanium parts studied consisted of end flanges
for sheet metal assemblies and a tubular rotor shaft, see
Figures 2 through 15, The titanium material used was both
AMS 4921 (A70) end A110-AT for the shaft. To accomplish the
development objective of utilizing a minimum amount of
material to manufacture the detail components, the minimum
envelope was established, The flanges were manufactured from
extruded sections which were formed into rings and the rotor
shaft was made by extruding a tube and upsetting the flanges.

A. Prototype Studies
1, Extrusion

The extrusions were performed on a 12,000 ton horizontal
extrusion press. The extrusion stock was heated in a
salt bath located immediately adjacent to the press.
Forged billets were used exclusively for the extrusion
stock,

&, Maximum and Uptimistic Envelope Shapes

(1) Ti A70

Initial extrusions had an envelope of approximately
1/8 inch, Several extrusions were made to this
"maximum® envelope configuration, see Figures 18 and
19, to establish the range of extrusion temperature
required to obtain meximum mechanical properties and
to provide material for forming envelope studies.
Subsequent extrusions were made of each of the detail
parts, Figures 21 through 26, to an "optimistic"
envelope of approximately .030 inch, This represented
the estimated minimum cross section required to suc-
cessfully manufacture a ring.

Multi-opening dies were used to extrude the smaller
cross séctions, In this manner the six A70 shapes
were extruded through three dies.

() Dimensional Inspection

‘Dimensional inspection of the extrusiorsrevealed
the following tolerances s
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V. SUMMARY (Cont'd)

Nominal Metal Dimension

Nominal Metal Dimens--oo
+0.020

Less than 1,000 inch I
030
1,000 to2.000 inch +0.03
+0.040

2,000 to 3,000 inch

Local surface imperfections did not exceed 1/ 32 inch.

(b) Metallurgical Investigation

tests on the optimistic enve-
lope extrusion made 8t 1850°F revez?lgd the materiatito
have properties in excess of the minimum Epecii"icafizn
requirements. The macrostructure revealed a fine er
structure equivalent in uniformity to a rolled ring or

a forging. The microstructure indicated minor stf'uc—
tural variations from equisxed alpha to bonds of "basket-
weave" alpha.

Room temperature tensile

The microstructure and a microhardness survey revealed
the extruded surface to be completely free from contam-
ipation. Due to non-uniform flow the first four inches
of each extrusion was scrapped. The rear crop was
approximately one-half inch and was due solely to over-
heating ceused by the torch cut-off.

Various annealing cycles performed on the extruded
sections revealed the "as- extruded" properties to be
equivalent to the annealed properties.

(2) Ti-AL10-AT

Prior to extruding the tube for the rotor shaft the extru-
sion stock was upset and pierced at 2000°F. Subsequent
extrusions utilizing various lubricants, die designs and
temperature were complete failures in that the extruded tubes
had severe surface tears. Attempts to extrude A110-AT flanges
resulted in similar surface scoring, not quite as severe as
that of the tubes. These results necessitated a study of
A110-AT extrusion conditions. This study is presented in Part
III of this final report.

10

kxtrusion Tolerance
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V. SUMMARY (Cont’d)

“(a) Metallurgical Investigation

Tensile tests on the sound sections of the tubular

extrusions revealed those sections to be uniform and °
to have properties in excess of the minimum specifica-

tion requirements. The mecrostructure of the sound

sections was uniform. The microstructure was identi-

fied as elongated alpha grains in a matrix of recrystal-

lized alpha,

A study of the non-uniform flow in the front end of the
extruded tube revealed the front crop to be five inches.
The rear crop, necessitated by the torch cut-off, was
established to be one inch. :

As for the A70 material; the g5-extruded” properties for
the A110-AT elloy were found to be equivalent to those
obtained by annealing.,

2. Ring Forming

The extruded sections were formed into 360 degree rings on a

Bath Radial Draw Former. Initial forming was performed on
machined lengths of P/N 226966. Rings with envelopes, &s little
as 0.020 inch were successfully formed at room temperature. Form-
ing the heavier rings in A70 and all the A110-AT rings required
heating. These elevated temperature studies were performed on ex-
truded meximun envelope shepes machined to an optimistic envelope.

Subsequent to these initisl forming studies the optimistic envel-
ope extruded sections were formed into 360 degree rings. The dies
and material were heated to 500-700°F for the A70 material and
1200-1400°F for the A110-AT &lloy. The forming of the smaller
diemeter rings caused a thinning of the inside flenge which must
be compenseted for in future extrusions.

Welding of the titanium rings was performed at two sources on a
Thomson F-4 Synchromatic and a Swift Welder. Initial welding was
performed on P/N 226966. The machine settings were quelified by
tensile tests. Subsequently, the optimistic envelope sections
were welded. Tensile tests on these welded sections established
the weld settings as being capable of passing the strength require-
ments of AMS 7498.
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v, SUMMARY( Cont'd)

The smaller diemeter rings, P/N's 226961 and 227594, required & V. SUMMARY (Cont'd ) p— MAL10-AT
pre-sizing operation prior to welding to eliminate slippage of A=A Ad=Al 0-A2

“: the work in the dies and subsequent distortions. “ Container Temperature 800°F
‘ Die Preheat 350 to 750°F 700 to 800°F
4o Sizing Die Material 5% Chrome, die Vasco Supreme
steel, hard-
The titanium rings were sized on a 225 ton press brake, The " faced with
expangion of the rings wes initially established to be 2 to 3 Rexweld
percent. In sizing the rings,the dies and material were heated
to & temperature of 700-1250°F, This was satisfactory for the | Extrusions were made from both cest ingots and forged billets
A70 rings. The AL10-AT rings, however, could not be expanded at extrusion temperatures of 1550°F for the A70 and 1850-19500F
beyond 1.5 percent, This required a slightly larger diameter for the A110-AT,

welded ring for future studies,
(1) Quality of the Extrusion

5. Upsetting

a) A70

A 6 inch Ajax Air Forging Machine was used to upset the flanges fer 0
in the extruded A110-AT tubing for manufacture of the Turbine The surfece finish ~ of these extrusiom had heavy
Rotor Shaft, Initial upsetting of steel tubing indicated thet L surface scoring due to the run-out guides.
& 0,450 inch thick wall could be successfully upset in three
passes, Attempts to upset this thickness tube in titanium at (b) AL10-AT
1900°F resulted in a buckling at the inner diameter. Minor | -
die modifications and increasing the wall to 0.600 inch, yielded i The following tolerances were obtained on the flange
the first successfully upset tube. sections:
The tensile properties of the upset flange and adjacent tubular ; Nominal Metal Dime Extrusion Tolerance
section were equivelent to that of the original tube.

less than 1,000 inch £ 0.010

B. Production Studies
1.000 to 2,000 inch £ 0,02

1, Manufacture of Parts I
1 In extruding the tubuler sections for the rotor shaft

& maximum thickness veristion of 0.080 inches on an

e, Extrusion
eleven foot Iength was noted.

Based on the results obtained on. dimensional inspection of

the finished prototype rings, the production extrusion envel- (2) Extrusion Yield
opes were modified, see Figures 71 to 78, A development study
of the effect of extrusion processing conditions on the mechan-
ical properties and surface finish of extruded cast titanium

The extrusion yield was approximately 70 percent.

ingots resulted in the use of the following extrusion conditionss : (3) Die Life
Ii-A70 Ti-A110-AT The die life for the A70 extrusion was approximately 100
- o'ty linear feet and for the A110-AT 15 lineer feet.
/1 Extrusion Speed 100-500 in/min, 450 in/min 1
Extrusion Length 15-20 ft, 12-15 ft, (4) Metallurgicel Fvaluation
’ Lubricant Fiske #630 Fiske #630 -
— i Billet Heating Salt Bath Salt Bath Tensile tests on the extruded sections from both cast ingots
. Die Design 120 to 140° 180° included ' and forged billets revealed properties which surpassed the
’ included angle angle minimum specification requirements,
!
12
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V. SUMMARY (Cont!d

V. SUMMARY (Cont'd
Beﬁr@ﬁ'ﬁe}ding and Sizing b. Production Processing

The tooling for the ring menufacturing operations was modified
to accommodate the changes in the extrusion envelope and the
production extrusions were processed into 360 degree rings
utilizing the procedure established in the prototype work. The
totel machine time required to produce a ring was approximately
30 minutes.

Inspection of the final essemblies revealed occasional
dimensional and weld discrepancies, These descrepant areas
were non-critical and when they occurred, the part was pro-
cured through Materiel Review Action. The repair welding
of the rotor shaft was in a non-criticel . stress area and
consequently could be tolerated.

In addition to the qualifying tests for the weld settings, C. Materiel Utilization

tensile tests were performed on the weld zone and base metal
of the finished ring, These tests established the finished
product to meet all applicable specifications,

Compared to conventional manufacturing methods, i.e. forging, etc.,
this newly developed method of extruding for the basic cross
section utilizes approximately one-half the raw material. Material
utilization factors in excess of 0.65 were obtained. The highest
meterial utilization factor obtainable by conventional methods was
0.40, see Table XXV,

¢, Upsetting

Six ALI0-AT tubes were upset &t both ends in the same manner
that resulted in a successful prototype pert. All of the shafts
had indications of & lap on the inner diemeter immediately under
the upset flange, These laps could not be removed by machining
to the finished I,D. dimensions. Consequently, this area was
repair welded,

The following 1list associates the rings with the assemblies and in-
dicates the corresponding assembly vendorss

E

Part, No. Neme Materiel Flange Nos, Vendor
608120  Combustion Chember A70 226966 Portland Copper

Heat Shield & Tank Works
608118 Rear Main Bearing A70 226962 Smith-Morris Corp.

Support Cone 226963

226964,
608109 Rear Main Bearing A70 226956 Mid
C

Vapor Duct, T ey
608569 Turbine Stator Blade A110-AT 22759, Alloy Product Co.

Support 227596

&, Weld Approval

Prior to welding the assemblies the vendor’s facilities were reviewed

A ‘ and weld samples obtained, Weld approvel was granted based on samples

which were required to conform to tab.
] establisned WAD specification, see
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VI, DISCUSSION

The detail titanium parts selected for study are shown in Figures 2
through 10. As indicated in these figures, the parts studied con-
sist of end flanges and & tubular shaft. For engine operation, the
detail flanges are welded to sheet metal components to form an

i integral part of the assembly, Figures 1l through 15. Major emphasis
was placed on the manufacture of the detailed parts. The assemblies
provided a means of evaluating the parts through engine testing.

The accomplish the development objective of utilizing & minimum amount
of material to manufacture the detail parts in the most economic manner,
the following was required. For the flanges, the minimum machining
envelope, i.e., the stock added to the detail cross-section, had to be
established., This envelope must be commensurate with the limitations

of the extrusion, forming, welding, and sizing operations utilized in
the manufacture of the flange rings. For the tubular shaft, the envelope
must be commensurate with the limitations of the extrusion and upset

i operations. The limitations of the extrusion operstion determined the
mechining envelope for most of the rings. Forming and welding limitations
added to this envelope for the smaller diameter parts. The upset oper-
ation limitations established the envelope for the shaft.

Exclusive of the basic studies reported in Part III of this final report,
the initial attempts to establish this machining envelope were concen-
i trated around the extrusion operation. Subsequent to the establishment
of the extrusion limitations, the limitations of the forming, welding,
sizing, and upsetting operations were established by processing parts.
This in%tial work is described in the following section entitled "Prototype
Studies”.

After establishing the limitations for each of the operations, the production
parts were made. These parts were subsequently machined and/or fabricated
into assemblies for engine testing.

_ A. Prototype Studies
- 1. Extrusion
a. Equipment

All the extrusions on this program were made on the 12,000 ton
horizontal extrusion press located at Metals Processing Div-
ision, Buffalo, N. Y., Figure 16. This press is equipped with
three pressure stages capable of delivering 4,000, 8,000, and
12,000 tons. On this program; the flanges were extruded util-
-] izing the 4,000 ton stage in conjunction with an 8 inch diameter
5 container. The shaft was extruded from a 16 inch diameter con-
tainer utilizing the full press capacity of 12,000 tons.
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VI. DISCUSSION

The detail titanium parts selected for study are shown in Figures 2
through 10. As indicated in these figures, the parts studied con-
sist of end flanges and a tubular shaft. For engine operation, the
detail flanges are welded to sheet metsl components to form an
integral part of the assembly, Figures 1l through 15. Major emphasis
vas placed on the manufacture of the detailed parts. The assemblies
provided a means of evaluating the parts through engine testing.

The accomplish the development objective of utilizing & minimum amount
of material to menufacture the detail parts in the most economic manner,
the following was required. For the flanges, the minimum machining
envelope, i.e., the stock added to the detail cross-section, had to be
established. This envelope must be commensurate with the limitations

of the extrusion, forming, welding, and sizing operations utilized in
the manufacture of the flange rings. For the tubular shaft, the envelope
must be commensurate with the limitations of the extrusion and upset
operations. The limitations of the extrusion operation determined the
machining envelope for most of the rings. Forming and welding limitations
added to this envelope for the smaller diameter parts. The upset oper-
ation limitations established the envelope for the shaft.

Exclusive of the basic studies reported in Part III of this final report,
the initial attempts to establish this machining envelope were concen-
trated around the extrusion operation. Subsequent to the establishment

of the extrusion limitations, the limitations of the forming, welding,

" sizing, and upsetting operations were established by processing parts.
This in%tial work is described in the following section entitled "Prototype
Studies .

After establishing the limitations for each of the operations, the production
parts were made. These parts were subsequently machined and/or fabricated
into assemblies for engine testing.

A. Prototype Studies
1. Extrusion
a. Equipment

All the extrusions on this progrem were msde on the 12,000 ton
horizontal extrusion press located at Metals Processing Div-
ision, Buffalo, N. Y., Figure 16. This press is equipped with
three pressure stages capable of delivering 1,000, 8,000, and
12,000 tons. On this program; the flanges were extruded util-
izing the 4,000 ton stage in conjunction with an 8 inch diameter
container. The shaft was extruded from & 16 inch diameter con-
tainer utilizing the full press capacity of 12,000 tons.
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VI, DISCUSSION (continued)

b,

i Co

do

Methed of Heating

Heating of the extrusion stock was accomplished in a
bariun chloride salt bath immediately adjacent to the
press. Transfer of the billet from the furnace to the
press is accomplished by means of an overhead hoist.
Although the furnace temperature can be controlled quite
closely, the transfer of the material does result in a
slight drop in tenperature. This drop in temperature was
determined by using thermocouples to establish cooling
curvessfor the billeto Due to the short duration of the
transfer time; (approximately 1 minute), the only tempers
ature drop of any significance is restricted to the outer
surface. Therefore; the actual extrusion temperature
corresponded. quite closely to the furnace temperature .

To determine the heating characteristics of the various
size billets and to assure thorough heating, heating curves
similar to those presented in Figure 17 were established.
Such curves dictabe the time at temperature required o
through-heat the billet.

Material

The material for the prototype studies consisted exclusively

of forged billets, This material was purchased to the spec=
ifications shown in Appendix I, While the specification for
the A70 material indicates a maximum oxygen content of 0,20%,
this condition was not maintained as a sole cause for rejection,
This modification was required to expedite the delivery of this
material, In general, the oxygen content was approximately

0,25%.
Maximum and Optimistic Envelope Shapes

(1) Ti=A70 - The initial extrusions of the A70 titanium mater
ial were to the configurations shown in Figures 18 and 19.
These extrusions are referred to as "maximum envyalope®
shapgs due to the large machining envelope, approximately
1/8 inch on all surfaces, that was added to the detail
::gs;;;emcti;ga The m;;‘l:inum envelope shaps of Part No, 226961,

e 18) was @ ed at temperatures of approxima

17(')02 1600, 1500, and 1450°F, Thzq)rmu speed. waapippro:d;:gly
2 :m.,/geca A photograph of sections of one of these extruded
parts is presented in Figurs 20, Additional exttusioné of
PSI"‘:.N?A 226963; see Figure 19, were also made under similar
conditions, This oversize envelope was purposely epplied to
thss(.a shapes to permit subsequent forming after the extruded
section had been machined to various smaller envelopes, This

VI,
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DISCUSSION (continued)

permitted an initial approximation of the limitations
of the subsequent ring producing operations. These
two shapes represent the most complex configuration
as well as the most difficult rings to form due to the
bigh ratio of cross-section area to ring diameter.

It is interesting to note that these extrusions repre-
sent one of the initial extrusions of titanium at this
facility and certainly the first such extrusions in
equipment of this capacity. They, therefore, also served
as a means of "getting our feet wet" and generally "de-
bugging" the equipment. The temperature range for extrud-
ing forged A0 billets wes also determined from these
extrusions.

To definitely establish the minimum envelope required, sub-
sequent extrusions were made to an "optimistic envelope" shape.
This envelope represents the initially estimated minimum
cross-section required to successfully manufacture a ring.

The specific cross-sections of each of the six shapes for

this material are presented in Figures 21 through 26,

These shapes are referred to as optimistic envelope shapes

due to the small smount of machining envelope, approximately
0.030 inch, which was applied to the detailed part.

Except for the extrusion of the optimistic shapes of Part
No. 226961, the balance of the optimistic shapes were ex-
truded through multi-opening dies. These multi-opening dies
are shown schematically in Figure 27. As shown in these
figures, Part Nos. 226962 and 226963 were extruded through

one of these dies while Part Nos. 226956, 226966, and

22696k were extruded through the other die. A photograph of
the multi-opening die used for the extrusion of Part Nos.
227594 and 227596 is shown in Figure 28. Detail die drawings
are presented in Appendix II.

Based on the experience obtained from the maximum envelope
extrusions, the following conditions were uged for the
optimistic envelope extrusions:

Billet Temperature 1550°F

Extrusion Speed 15 ftn/sec,

Lubricant 0il dag, nicrolene, bentone,
lithium carbonate

Die Temperature 250-400°F

Container Temperature 800°F

Die Material Hard faced steel

Photographs of each of the extruded shapes are presented in
Figure 29




VI, DISCUSSION (continued)
(a)

(b)
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Dimengional Inspectlon

Dimensional inspection reports for these ex-
trusions are presented in Tables I through VI,
These reports indicate that the following extrus=
ion tolerances are obtainable.

Nominal Metal Dimension Extrusion Tolerance

Less than 1.0 inch + 0,020
1,0 to 2.0 inch + 0,030
2,0 to 3.0 inch £ 0,040

Local surface imperfections, in generaly, did not
exceed 1/32 inch. Considerable warpage and twisting
were noted on these extrusions. This is atiributed
to the lack of adequate runout guides. Subsequent
straightening operations corrected this condition,

Metallurgical Investigation
i, Mechanical Properties

The results obtained from tensile tests on as-
extruded sections of Part No, 226961 extruded

to the maximum envelope shapes at temperatures
from 1L50°F to 1700°F are presented graphically

in Figure 28 and are compiled in Table VII,

This data indicates the entire temperature range
’Eo be satisfactory for this extrusion ratio., It
is noted, however, that a considerably more ductile
material, as exhibited in Figure 30, by the values
f?r elongation and reduction of area and the tene
sile to yield spread, is obtained by extruding in
the lower part of this temperature range, 1450 to
1600°F. In this range of extrusion temperature, a
more ductile material was obtained by extrusion
than forging as indicated by the vendor’s certie
fied data,

Tensile tests were also performed on the optimistic
envelope shapes, This data, presented in Table
VIIIAZ clearly demonstrates, in all cases, that the
tensile Pr?perties of the extrusions are superior to
the c«?rfhlflred minimun properties submitbed by the
:e;uppllex'° Furthermore, the data indicates a uniforme
ity ?f pr9pe{'ties within each flange and only a
;malfi xlrarlatloz} of properties among the flanges.

t is interesting to note that, except for Part No
226266 (the smallest cross-section examined), the ’
tens%le pu;operties do not-Fary appreciably wi‘thh
sect}on size, Figure 31, This small cross-section
pemtted only the use of sub-standard specimens
which probably accounts for this small difference.

20
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DISCUSSION (continued)

ii.

STATT

Microstructure and Macrostructure

Photomicrographs of each of the sectilons

extruded at 1500°F, Figures 32 to 37,

indicate structural variations from equi=

axed alpha, to bands of "basket-weave" alpha.

The equiaxed alpha results from extruding in

the all alpha phase; while the basket weave
alpha is a transformation product, its presence
indicative of extruding in the alpha-beta

region, As the extrusion temperature of approx=
imately 1500°F is close to the lower alpha-beta
transus, minus variations in temperature through-
out the billet could readily account for some areas
being in the alpha region while others are in the
alpha=beta region. The tensile tests reported in
the previous paragraph clearly establish that
these minor variations in microstructure are not
reflected in the mechanical properties of the
material, These microstructures, therefore, are
concluded to be acceptable for this material,

The macrostructure of these parts, also shown in
Figures 32 to 37, show a fine fibre structure
which is generally more uniform than that obtaine
able with a forging of comparable size and at least
equivalent to that of a rolled ring, These photo=
macrographs show a clearly defined narrow band ad-
jacent to the surface of most of the extrusions.
The microstructure of these bands have high per-
centages of the basket weave type alpha structure.
While this structure is less than optimum; no
deleterious effects have been exhibited in tensile
tests or in subsequent forming operations.

Surface Contamination of Extrusions

Sections of Part No, 226961 extruded at 1500°F
were examined metallographically for surface cons
tamination, A photomicrograph showing a cross=
section adjacent to one of the extruded surfaces
is presented in Figure 38, The lack of surface
contamination is evident by the uniformity of the
microstructure and the results of the hardness sure
vey. Converted hardness readings to Rockwell C
ranged from 29,5 to 30,0 which is well within the
range of accuracy of the instrument, This work is
in close agreement with previous datal,
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VI, DISCUSSION (continued) VI, DISCUSSION (continued)
L 2000 10N

iv, Front and Rear Crop severe gsurface tearing similar to that shown in

Figure Lli, The extrusion temperature in these |
tests was approximately 1900°F, A third attempb i
to extrude this material into a tubular shape

utilized a steel jacket; i.e., the billet prior

to extrusion was encaged in a Jjacket of steel. Ex~

truding this billet through a 130° die resulted in

surface tearing and cracks similar to those shown

previously, see Figure Llj, The purpose of the jacket

was to reduce the friction by lubricating the outer

steel layer rather than the titanium.

jons of the extruded A70bﬂ;rﬁes

i i nt of mater
were examined to determine t‘,he amoun’
which is not of usable quality and‘r‘rmsb be cut off as
scrap, From these shapes; longitud;\.x}al sections wers
etched for flow lineso Undesirable flow was observed
up to four inches from the front of the extrusion,

Figure 3%

Front and rear sect

rop study was designed to determine stock

] z}el;o:irngcegsary gue to irregular flow and overheating
i due to torch cutbing of the extrusion from the bu'_zto
h An etched section adjacent to the cut-off area, Figure L0,
indicates uniform flow from the torch cut forward, Since
the point of cut-off was immediately adjaugnt to the
unextruded butt, it is evident that non=uniform flow

: does not exist in the rear of the extrusions Tl_le heat
t affected zone due to the torch cut-off extends into the
’ extrusion for a maximm depth of 1/2 inchy see Figure 140,

Attempts to extrude at temperatures below 1900°F were
unsuccessful in that the press stalled. All the
previous extrusions at 1900°F required forces in
excess of 11,000 tons, In several instances; "break
through" forces approached the press maximum of
12,000 tons. A beta transus temperature of approxe
imately 1960°F prohibited the extrusion at higher
temperatures. Results by previous invstigators3
indicate that undesirable mechanical properties can
result from extruding above the 1960°F transus temper=
ature or in the "all-beta" region.

v, Extrusion Annealing Cycles

The effect of various annealing temperatures and cooling
rates was determined for extruded A0 materiel. The
resulting mechanical properties are presented graphically
in Figure L1, As indicated in this figure, the as-extrud-
ed properties were equivalenf to those obtained by any

i of the annealing conditions examined.

The lubricant for the previously discussed tubular
A110AT extrusion was a combination of oil dag, nacrolene,
and lithium carbonate, One additional extrusion was
made to this configuration with a coating of Borax as

a lubricant., Although the surface quality of this
extrusion was improved, it is still not satisfactory.

To assure the availability of tubing for subsequent
development studies on upsetting, the dies were opened
to provide for a heavier walled section. This permitted
a machining operation to remove the surface imperfections
and allow subsequent processing.

¥ (2) Ti-Al10AT - The initial extrusions with this material were

B tubular sections for the turbine rotor shaft, Prior to actual
extrusion, however, the billet material, which was in the form
of a 12 inch round-cornered square, was subjected to an upseb
operation which increased the diameter to 16 inches, Simultan-
eously, the center of the billet was pierced, Initial attempts
to perform this upset and piercing operation at jemperatures
below 1900°F resulted in severe cracking of the peripheral
upset area. Heating the billet to 2000°F eliminated the crack-
ing and resulted ir a successful upseto

In addition to the tubular extrusions in this material,
extrusions of Parb Nos. 22759k and 227596 to the con=
figuration shown in Figures LS and Lié were made. While
the surface finish of these extrusions was improved com=
pared to the tubular shapes, severes surface scoring did

Subsequent to the upset and pierce operation, several tubular occur, Figure 47

. extrusions were attempted to the configuration of Figure L2,
| In these extrusions, both a re-entrant angle and a standard

The above results §n A1I0AT extrusions clearly established
130° die were used, Figure 43, Both extrusions resulted in J

the need for a development program aimed at establishing
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VI, DISCUSSION (continued)

DISCUSSION (continued)

i

the extrusion conditions required to produce Alémﬁ
extrusions with an acceptable surface finish. Suc

a program was then initiated. The results of this -
development progrem are discussed in detail in Part IX
of this finalereportk.

(a) Dimensional Inspection

The severe surface tearing and scoring resulting
in all extrusions of this material precluded any
useful dimensional inspection.

(b) Metallurgical Investigation
i. Mechanical Properties

Tensile tests were performed on the sound
sections of two of the tubular extrusions.
These results are compiled in Table IX. As
indicated by the results on this table, the
tensile values of the extruded section were
found to be uniform and considerably more
ductile than that indicated for the base
material by the vendor's certified data. Notch
rupturing testing was also performed. These
results confirm the satisfactory quality of
this material with respect to mechanical pro-
perties.

ii. Microstructure and Macrostructure

A photomacrograph of a section of the re-entrant
angle die extrusion is shown in Figure 48.

While the sound section reveals an overall
uniform grain distribution pattern, the metal
flow in the tear area is distinctly non-uniform,
ylelding a non-uniform coarse grain structure.

A closer examination of the sound area, Figure L9,
reveals a moderately fine, randomly oriented,
recrystallization structure.

The macrostructure of cross-sections of the steel
Jacketed extrusion is shown in Figure 50. Un-
like the previous extrusion, the flow lines are
clearly visible and they are generally smooth
with minor turbulences at the irregular surfaces.
}?‘.xcl\:ding these minor turbulences, the structure
is fairly uniform from inner to outer surface.
The microstructure of & gection of this extrusion

24
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is presented in Figure 51. This grain
structure is identified as elongated alpha
grains in a matrix of recrystallized alpha.
The variation in grain size between this
and the previous extrusions can probably be
attributed to the upset and pierce temper-
ature which was appreciably lower for the
steel jacketed extrusion. Specifically, the
upset and piercing operation was performed in
the beta region for the first extrusion and
in the alpha-beta region for the latter.

Beta Transus Determination

The beta transus temperature for this heat of
A110AT material has been metallographically
determined to be approximately 1960°F, Figure
52, This temperature represents the maximum

at which this material can be extruded or
finished forged3o For although the beta phase
has superior deformation characteristics than
the alpha phase; recrystallization and excessive
grain growth occur when this material is heated
above this temperature.

Front and Rear Crop

A metallographic study of the front end of the
rotor shaft extrusions revealed non=uniform
flow back to a distance of five inches from the
front of the extrusion. The rear crop, as was
the case for the AT0 material, is approximately
one inch and is required only to remove the heat
affected zone due to torch cut-off.

Extrusion Annealing Cycle

The effect of varied annealing temperatures and
cooling rates on the mechanical properties—of
extruded A110AT material is presented in Figure
53, While minor variations in yield strength and
reduction in area were exhibited at various
annealing temperatures, the as-extruded proper=
ties were adequate for further processing.
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VI, DISCUSSION (continued)

2,  Ring Forming

8o

b,

Equipment

The machine utilized to form the extruded sections into
rings is described as a Bath Radial Draw Former, Figure Sk
Tt consists of a variable speed power driven circular table
and a double acting pressure controlled cylinder, Where
required, a hydraulic ram, capable of applying a side force
to the section being formed, is utilized.

The contour forming dies were fabricated from AISI 1045
material, They are circular in shape with the general con-
figuration of the part crossesection at the outer periphery.
Suitable contour rolls were fabricated from Ketos die material,
These rolls serve to exert a side force on the length being
formed, A photograph of the rolls and dies used on this pro=
gram is presented in Figure 55.

Initial Forming Studies

In preparation for forming the basic extrusion lengths, a pro=
gram was initiated to utilize machined titanium bar stock for
ring forming development, Initially, titanium bar stock machined
to the configuration of Part No, 226966 with an envelope of
approximately 1/16 inch was formed at room temperature with no
appreciable change in dimension, Figure 56. The envelope was
then reduced to 0,020 iuch and a ring was produced satisfactorily.,

The tolerance of 0,020 inch which had been demonstrated to be
adequate for the contour forming operation is considerably less
than permitted by the extrusion operation at this time, Conse=~
quentlyq future sections were machined to the optimistic envelope
(0,030 in.) f.‘r9m either bar stock or maximum envelope extrusions.
The parts studies were Part No, 226961, 226963, and 22759k, These
shapes representing both A70 and A110AT material have small dia-
meters relative to the cross-section area and represent the most
difficult sections in the program based on ring manufacture, At-
tempts to form these rings at room temperature were completely

unsuccessful as the material did not have t i
necessary for this operation. ® the required clongetion

HoweverE development, directedat hot forming techniqu i
;I.ze satisfactory ?orming of these shapes togthe desgrzg izgﬁed
igure 57, In this application, both the material and the d:l.ezaN
were.heateda .A pl}otograph of Part No. 226963 formed in this man=
g:_::tl]sl shgmél Zn Figure SBf The application of hot forming to

0. 226966 resulted in an appreciably better formed section,

i
=
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e
i
-
o
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-
=

SSTAT

VI, DISCUSSION (continued)

Co

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/09/09 . CIA-RDP81-01043R002500180004-7

The forming temperatures and resulting required forces
for each of the parts followss

Part Number
o695 226961 226963 22150L
Material Temperature =~ 200°F  700°F 700°F  800°F
Die Roll Temperature 200°F . 700°F 700°F  800°F
17 1/2 20 ton 20 ton

Force excited through 12 1/2
rolls ton ton

In all cases; best results were obtained when the forming oper=
ation proceeded as slowly as possible which was a table speed

of .l RPM, In addition, a two pass operation, working first
with a clockwise rotation of the table and second with a counter-
clockwise rotation yielded the best results.

Optimistic Envelope Extrusions

The forming of extruded sections without any machining presented
an initial problem in that these shapes were twisted and bowed
whereas the machined shapes were not. For the A70 materialy
straightening was possible in the forming operation. For severely
distorted A70 shapes and for all the ALLOAT shapes, it was neces-
sary to straighten the parts by hand in an arbor press prior to
forming.,

Except for minor die rework required to accommodate the dimenw
sional variations inherent in the extruded section vs. the
machined sections, these extruded sections were formed with re-
Jative ease. The publication, at this time, of AMS 7L98 (speci-
fication controlling Flash Welded and Titanium Rings) confirmed
the previously established requirement of forming these rings hot.
In general, a temperature range of 500<1000°F was established

for the dies and the material, The most difficult A70 ring to form
was Part No, 226963, The side (roll) pressures required to form
this small diameter resulted in a loss of approximately 0,080 in,
on the vertical leg, see Figure 2l

In forming the AL10AT rings, Part Nos. 227594 and 227596, the high
pressures required to form the ring resulted in a torn surface.
Consequently, to eliminate the surface tearing, the forming temper-
ature was increased to 1200=1400°F and a pre-form operation was
employed. A reduction in thickness of the vertical leg of the

ring of 0.040 inch was noted due to the forming forces.
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VI. DISCUSSION (continued)

3. Flash Butt Welding

a.

Similarly; the weld setti

Equipment

] t two welding
Welding of the titanium rings was performed a

scurczg , Thomson Electric Welder Company, Lynn, Massachusetts,
and Cleveland Welding Company, Cleveland, Ohio. The machine
specifications used at each source followss

(1) Thomson Electric Welder Company

Model Thomson F-U
Synchromatic
Machine Rating 250K VA

Maximum Upset Force 32,000 1bs.

Maximum Clamping Force 23,000 1bs,

(2) Cleveland Welding Company

Model Swift Welder
OKVA

Machine Rating 600KV A

Maximum Clamping Force 160,000 1bs.

Meximum Upset Force 200,000 1bs.

YWelding Formed Shapes

The initial weld settings were based on the reuultf obtained
from the development studies on maximm rib ratiost. Initial
studies were performed by Thomson Electric Welder on P/N 226966
formed from milled barstock, Figure 59. Several rings were
welded and the machine settings were qualified by tension test-
ing of the weld ring segments. In this manner, weld settings

capable of meeting the strength requir
established, ngth requirenents of AMS 7498 were

. ngs for the remaining shapes formead
from optimistic envelope extrusions were estaglishng The
;:\.;iﬂ; prﬁerti;;i of the ring weldments are presented in

e X. @ welding machine settings and burn off
thus established are indicated in Talg)les XI and JOLII..I‘”@\‘hs
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VI. DISCUSSION (continued)

The welding of P/N's 226961 and 22759 presented considerable
difficulty in that an out-of-round resulted, Figure 60. The
relatively small diameter of P/N 226961 necessitated a pre-
sizing operation prior to welding to eliminate slippage of the
work in the dies during the flashing operation and minimize sub-
sequent distortions. X-ray results on the welds of P/N 227594
revealed a complete lack of bonding. Increasing the flashing
time to overcome the resistance of the AlLOAT material during
upsetting corrected the problem.

L. Sizing

Equipment

The titanium rings were expanded on a 225 ton press brake lo-
cated at Cyril Bath. A pin centrally located in the expander
fixture engages the punch and the expanding segments. Ihe set
up is shown pictorially in Figure 61.

Sizing Welded Rings

The expansion of the titanium rings was initially set at 2 to

3 percent. This expansion was readily obtained for P/N 226966
at room temperature. Expanding the shape in increments of 0,42
inches resulted in a spring back of approximately 0.080 inches
per increment; or approximately 20 percent. Allowance for this
condition was accomplished by reworking the expanding die seg-
ments. Expansion of the larger cross section rings could only
be accomplished at temperatures in excess of 700°F. The release,
at this time, of AMS 7498 established the sizing tempergture
range to be 700 to 1250%F for all titanium rings. For B/N 226961
a pre-sizing operation; to eliminate the out-of-round condition
at the weld area, was performed.

Direct application of the above results obtained for A70 titanium
resulted infailure when attempted in the AL10OAT rings. This was
due to the considerably lower ductility of this alloy as compared
to the A70 (unalloyed) material. As a result, the contour form
circumfersnce was revised to show a 1.5 percent maximum expansion
instead of the. previously used 2 percent. Subsequent rings were
successfully expanded to this revised dimension.

5. Upsetting

a.
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Equipment

The equipment used to upset the flanges on the extruded A110AT

‘tubing to make the turbine rotor shaft, see Figure 10, was a

6 inch Ajax Air Forging Machine located at the Propeller Divi-
sion; Curtiss-Wright Corporation; Caldwell, New Jersey. A

29




photograph of this mach

VI. DISCUSSION (continued)

ine is shown in Figure 62,

Heating of the material was perfizb"nw% énw;u’ll‘of;g ﬁ:;ius:mm
1ibrate
ting Unit, This unit was ca o
E;:mggouples attached to the tubs to insure & unifo:

heat pattern.

Upsetting of Tubing

tting the ends of
development studies for upse i
mlﬁﬁ;ﬂmm m;’: performed on low alloy steel tubing s
AMS 6422, This initial work consis‘ie(é gg a ;ll;:e:ai;)iratura
n a 0,385 inch-thick wall tube.
:m:;i‘;“uﬁs 2200°F . Upse;ting o;‘ t:z:a::};et;zsuwiﬁdt;gm“
the I.D. surface. Inc
:ng‘;ctloigfhgg inch resulted in a successfully upset steel

flange, Figure 63,

rent with the steel upset development was a similar
gg::::im :blliﬂng plasticine in 2 scaled dow‘? modelor ’lt‘::a
material was laminated in colors to enable a study o. Ny
flow of the material under the action of the punch. 'l‘h ]
‘scaled-down unit. was constructed of hard wood and is st(iM; .
in Figure 6. In performing the upsetting on the plasticin
the material was cooled to a temperature of approximately
309F. This lower temperature permitted a closer approxlmzx
tion to the real material in that it rendered the plasticine
less ductile. Results of this survey indicated that the
first upset pass can be succeasfully attempted by using a
tapered punch and a 0,410 inch wall tube.

Based on the above results on steel md plasticine, tooling
was designed and fabricated to permit the upsettingiof a
flange on AL10AT tubing with a 0,410 inch wall. This three

step upsetting cycle is shown pictorially in Figure 65. These
operations affect the dimensions of the upset section as follows:

First Stage: 0.410% wall x 3,50* long
upset to 0.724% wall x 1.62% long

Second Stages 0,724 wall x 1,629 long
upset to 1,053 wall to 1,060% long

Third Stages 1.053" wall x 1,060% long
upset to 1.379% wall x 0.625% long

This upset cycle applied to the ALIOAT tubing resulted in
savere buckling at the inner diameter; and incomplete die
£111, Figure 66.
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VI. DISCUSSION (continued)

Production Studies

Manufacture of Parts
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Upsetting of additional A110AT tubing with a 0.L50%

wall was attempted, This did not correct the problem
of the T.D. lap., Die variations, such as tapers on

the first and second stage punch, Figure 67, were also
unsuccessul. Increasing the wall thickness to 0.600
inch solved the buckling problem in the first and second
stages. A photomacrograph of a section formed through
the second pass is shown in Figure 68(a). Applying the
third stage operation to this 0,600 inch wall tube re-
sulted in a serious fold, Figure 68(b). 1In all the pre-
vious attempts, the tube was heated to 1900°F prior to
the first and second stage operations. In an attempt to
eliminate the fold in the last operation another heating
operation was performed prior to-this third upset operation,

This resulted in a considerably improved upset with only
a slight fold.

Finally, an attempt was made to improve the flow pattern
by removing the restrictive "ledge® from the punch in the
third stage operation. A sketch of the new punch design
is shown in Figure 69, A shaft was then successfully
upset using this 0.600 inch wall tube, three heating cycles
of 1900°F, and a tapered punch, Figure 70. Although a
trace of a fold was detected on close examination 5 all
defects were removed by machining 0,050 inches from the
I.D. surface.

(1) Mechanical Properties - Table XIII shows the tensile
properties of the upset aresa and adjacent tubular
section (heat affected zone). These properties are
equivalent to the original extruded tube. The slightly

low elongation values are probably attributed to the
undersized specimen.

Extrusion

Inspection of the prototype rings established the need for

modifications of the extrusion envelope. These modifications
were found necessary
section during forming, (2) welding gripper marks, and (3)

dimensional accuracy of the extrusion operation. The final
production extrusion shapesthus established are presented in
Figures 71 to 78. Shown also in these figures are the previous
envelopes, the machined detailed part cross-sectionsand the
finished machined assembly cross-sectione.

prinarily due to (1) local thinning of a
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VI. DISCUSSION (continued)

tion
Prior to the actual produc
e obtnini.ng z;p:;;m\m ne ots was perforned.
jcal properties on extrus 0 e etall in T
this gtudy are discuast
Tk}at;;:“%xagfrepo:t ., The following extrusion igﬁiﬁ&gﬁn
:osulting from this study were employed on the p

extrusions, a development

att: -
o i and mechan- ributed to the run-out guides. These guides

were intended to straighten the twist which occurred
in the extrusions of the prototype parts. A dimen-

sional inspection report of the typical AT0 extruded
shapes are presented in Tables XIV to XVIII.

(b) Ti-ALLOAT Flanges

extrusions.
11-A70 Ti=AL10AT The application production extrusion conditions to
——— Jntn the ALLOAT material resulted in flange extrusions
trusion Speed 100-500 ino/min, 450 ino/min. with an excellent surface finish. Dimensional in-
Extrusion Sp ” spection of these parts; Tables XIV and XX indicate
Sxbrusion Length 15220 £t. 12-15 ft. the following tolerances are obtainable.
R Lubricant Fiske #630 Fiske #630 Nominal Metal Dimension Extrusion Tolerance
i Sillet Heating Selt Bath Salt Bath less the 1,000 + 0.010
—1 o ded
P . 200 to 1L0° 180° inclu 1,000 to 2,000 + 0,020
‘ Die Design fnclued sngle  angle : g .
| 6000 Cempariaqn of these values to those reported pre-
\ . tuve 800°F 00 viously for the prototype A70 shapes reveals a
E Container Temperatur . . marked improvement which can be directly attributed
Y Jité Preheat 350 to 7T50°F 700 to 800°F to the close control of the extrusion process variables,

It can logically be expected therefore, that extrusion
tolerances at least as good as those obtainable on the
A110AT shapes can be realized in A70 material with the
use of properly designed run-out guides.

5¢ Chrome, hot Vasco Supreme
Vorked die steel  (High Speed

* with a Rexweld Steel)
hard face

Die Material

(c) Ti-AL10AT Shaft
1 the above conditions; extrusions were made from both cs_ist
1 ﬁgot and forged billets in both the A70 and AL1OAT materials.
| An extrusion temperature of 1550°F was used for both the ATO
i naterials while extrusion temperatures of 1850-1900°F were
used for the cast ingot and forged billets, respectively, in
i - the AL10AT alloy. As was the case for the prototype extrusions,
! multi-opening dies were employed, see Figures 27 and 28.

In extruding the tubular sections for the manufacture
of the rotor shaft the conditions mentioned above were
employed except as follows:

Die Preheat Temperature 350 to L50OF

Die Material Rexweld hard face

ality of the Extrusions
(1) Qui y Die Design 210 degrees included angle
=ATO Flanges
(a) ~Ti-AT( ge The modifications from the optimum conditions pertain

i The surfacs quality of the production A70 extrusions Solely to the die. This was necessitated due to the

were in general not satisfactory and were inferior
to those obtained in the prototype phase. Heavy
striations were noted throughout the entire length

of ssveral of the shapes.
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These striations are

\

lengthy procurement cycle associated with new die pro-
curement. Consequently, modifications were made to
existing dies. The die temperature was limited to
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L50°F due to interference problems associated
with the expansion of the dies upon heating.

The above extrusion conditions resulted in the
first ALLOAT tubular extrusion of acceptable
surface quality and minimum die pickup. Slight
intermediate circumferential surface tearing
was noted. Dimensional inspection results are
presented in Table XXI. As indicated in this
table for an eleven foot extruded section the
maximun variation in wall thickness was 0,080
inch. All of these production extrusions wers
from forged material due to the lack of cast
ingot of suitable diameter.

(2) Extrusion Yield

The extrusion yield exhibited by the A70 and A110AT
flanges was approximately 70 percent. The major por-
tion of the lost material, approximitely 25 percent,
represented the unextruded butt. The remaining loss,

S percent, was due to the front and rear crop, specimen
.finmpling, and preparation of the billet prior to extrud-
ing.

Die Life

Tha‘ die life obtained in extruding A70 material was five
extrusion cycles per die. This represents a total extru-
sion length of approximately 100 ft. for a single opening
die. For the AL10AT flanges only one extrusion cycle per
die was obtainable. This represents a total extrusion
length of approximately 15 linear ft,

Metallurgical Evaluat ion

The results of tensile tests performed on the ex

A70 and A110AT flanges are prszented in Tat?;le ;ﬁ;:mgm

cluded flso in this tabls are the chemical compositions

of t}.w ingot and billet materials which were extruded to

obtain the shapes, The properties of all the specimens

Z::llnin:ge :ﬁiexi;"ed the minimm requirements of the appli-
Cations; The specimens examined represe \1

ramdon sampling frem front and rear sect: : .

from both cast ingots and forged bille‘us%m;h:fa:zx:ﬁ;ns

IRRRER

VI. DISCUSSION (continued)

b,

of a forged billet or a cast ingot is not in any way
reflected in these tensile properties.

Typical photomacrographs of the extruded sections are
presented in Figure 79 to 8L, This structure is quite
similar to that obtained in the prototype studies; see
Figures 32 to 37. The microstructure of the AT0 mate-
rial is identified as varying from recrystallized alpha
with a slight flow orientation to Widmenstatten alpha
platelets. The microstructure of the AL1l10AT shapes is
identified as equiaxed grains of Widmenstatten alpha
platelets.

The results of tensile tests performed on extruded A1LOAT
tubing from forged billets are presented in Table XXIII.

The minimum tensile properties exhibited are in excess

of the minimum specification requirements. The micro-
structure of these tubes are similar to that of the flanges,
see Figure 82.

Forming, Welding and Sizing
The tooling for the ring manufacturing operations was reworked
to accommodate the modifications of the production extrusion
envelopes. The procedures established and described inthe
prototype studies were employed. These procedures are summar-
ized as followss :
(1) Forming

(a) Receiving inspection and part identification.

(b) Preheat part and dles to 700-1000°F for the A70 shapes
and 1200 to 1LOOPF for the ALIOAT parts.

(c) Form to 360 degree ring.

(d) Trim, reheat and reroll to required print dimensions.

(o) Inspect and prepare ring ends for welding.
(2) Welding

(a) Cut back thin segment 0.125 inch to retard heating of
this area during flashing.

(b) Qualify machine settings,
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‘ VI. DISCUSSION (continued) VI. DISCUSSION (continued)

(c) Weld (ses Table XI through XII for weld machine
settings).

(d) Stress-relieve (AMS Th98).
(e) Inspect and remove flash (x-ray).

(3) Sizing

(a) Preheat work to the range of 700 to 1250°F (oil
dag may be used as & lubricant).

(b) Expand to print dimensions (2 to 3% for A70 and
137 expansion for ALL0AT).

(c) ‘ Inspect and ship.

Photographs of rings produced in this manner are shown
in Figure 85,

The manufacture of a ring from an extruded section re-
quires approximately 30 minutes of machine time. This
is distributed amont the three operations as follows:
Forming 20 minutes;, welding 5 minutes, and sizing §
minutes.

(L) Inspection of Rings

Inspection layout templates were made for each ring.

A typical layout is shown in Figure 86 for B/N 226962.

As indicated in this layout, the detailed part crosss
section was scribed within the part configixrauon at

the weld'area and 90 degrees from the weld. In general,
most of the rings cleaned up to the detailed part config-
uration. For some of the A70 rings, which showed heavy
striations due to the run-out guides; the detailed part
cross=section was not obtainable, however, these shapes
cleaned up in machining to the final assembly dimensions.

(5) Metellurgical Evaluation
In addition to the tensile tests performed to qualify the

welding machine settings, tensile tests were performed on

finished sized rings. The
prrpr e ek x;giIL results of these tests are pre-

36

2,
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Tests were performed on both the weld area and the
metal. All of the rings exhibited tensile proper-
ties in excess of the material requirements and
flash-butt welded ring requirements, AMS 7L98.

c. Upsetting

Flanges were upset on both ends of six ALLOAT tubes in the
same manner as that which resulted in a successful orototype
partss The operational sequence follows:

(a) Machine em':ls to desired dimensions, see Figure 65.
(b) Heat to 1900°IF and upset, 1st stage on lst end.

(c) Heat to 1900°F and upset 2nd stage on 1lst end.

d) Heat to 1900°F and upset 3rd stage onlst end.

(e) Hepeat opsration b, ¢ and & for Znd end upset.

(£) Dimensional Inspection

on four of these shafts fairly distinct folds were detected
on visual examination. While the remaining two shafts did
not have a visible fold indication, penetrant die inspection
revealed folds on both of these shafts. These laps were
sufficiently deep to preclude their removal by machining the
inner diameter to f inished size. Consequently, repair weld-
ing was performed. This is discussed in greater detail in
the next section.

It is not clear as to the exact cause of the re-occurance of
the lap in the third upset pass. The presence of scoring marks
on the inner diameter of the tube which could not be removed on
machining of these shafts may have helped to contribute to this
lap.

Manufacture of Assemblies

The four sheet metal assemblies for which the detail rings were
manufactured were shown previously in Figure 11 through 1L. The
following summarizes the various flanges associated with each
assembly and the assembly vendors.




VI. DISCUSSION (continued)

Part No.

608120

i 608118

608109

608569

e

Yane yaterial
Combustion Chamber A=70
Heat Shield

Rear Main Bearing A=T0
Suppert Cone

Rear Main Bearing A-T0
Vapor Duct

Turbine Stator ALL0AT

Blade Support

Weld Approval

Prior to the initiation of actual manufacture of assemblies,
the vendor's welding facilities were reviewed by WAD metal-
lurgy personnel; and sample weld panels were analyzed for

weld approval.

(1) Approval Requirements

In addition to the weld requirements of WAD 5797 (Appendix
I) these test panels were to conform to a set of tentative
WAD titanium welding specification.

“this specification are

(a) The test specimen must be taken at the beginning of
the production run.

(®)

(e)

of the sheet.
(d)

In general, automatic welding was desired. Manual welds
were pe{‘mittedg However, these were required to bs per-
formed in a chamber of inert gas,

Weld and heat affected zone should have no more oxide
than indicated by a straw color except that 5% of the
weld may have a blue oxide color,

The weld must have sufficient ductility as indicated
by a 90° bend test across the weld around a radius
that is a funetion of the base material and thickness

The maximun thickness of the weld bead shall not excesd
four time the sheet thickness, '
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VI.
Flange Nos. Vendor
226966 Portland Copper
& Tank Works

226962 Smith=Morris Corp.
226963

22696l

226961 Midway Company
227596

22759k Alloy Products Co,
227596

The main features of

SERRRRRERERRRREEEECE
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be

STATT

ALl the vendors except Smith-Morris passed all of the
weld approval requirements, Due to am inadequate auto-
matic weld set-up, SmitheMorris did not pass ‘the auto-
matic welding requirements and consequently, 211 the
welding of P/N 608118 was performed manually.

Production Processing

The production processing of the titanium assemblies consisted
of manufacturing four umits of each configuration. In generaly
most of the finished assemblies had minor weld and/or dimensional
discrepancies. The major weld discrepancy was that of porosity
in the weld. These weld and dimensional discrepancies were in
non-critical areas, permitting the assemblies to be procured
through Material Review. It was previously noted that the upset
operation used to establish the flange on the tubular extrusion
for manufacture of the turbine rotor shaft resulted in s lap at
the inner diameter, Machining the inner diameter to the finish
part dimension did not cempletely remove this lap. Consequently,
the lap was locally removed by machining. Repair welding was
then performed and the shafts were finish machined, This repair
welding was an acceptable solution due to its location which was
not a highly stressed zone, Figure 87,

Material Utilization

The results obtained from manufacturing the detail parts by
this newly developed manufacturing method clearly indicate a
high material utilization factor. In Table XXV a comparison

is made between detail parts manufactured in this manner and
parts made by conventional techniques such as forging or flash-butt
welding rings from barstock. For the sections examined, con-
ventional manufacturing yields a material utilization factor
of approximately 0.35. Manufacture of these parts by extrusion
techniques yields a material utilizatiom factor upward of 0.50.
of more striking significance is that it rsquired approximately
half of the material to make the parts by extrusion compared to
conventional methods.

In some cases;, the material utilization factor excseded 0.65.
This is even more dramatic when one considers that the balance
of the weight is primerily associated with drilled holes and
not with the machined envelope.
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Required Locetion Billet No. Billet No, Billet No. | Billet No.
Design of A52-1 A52-2 453-7 453-8
Dimension Insvection ||Ext, Dim, Ext, Dim Ext, Dim

A 2,737 406
-.03

B | 561 £.03

C | 4220 £.02

D | 4259 £.02

E | 197 402

F | o462 £.03

G |1.037£.03

Ho| 231402

I {L1744.03 Rear

Front
Rear
Veriation

Front
Rezr
Veriation

Front
Reer
Veriation

Front
Rear
Veriation

Front
Reer
Variation

Front
Retr
Variation

Front
Resr
Veriation

Front
Reur
Veriation

Front

Veriation

2,765
2,815
£.078

.576
+590
£.029

260
280
£.060

.268
.283
£.02,

1225
267
4,070

487
518
£.056

1,052
1,065
#.028

1250
.28
#4053

1,202
1.220
£.046

2.798
2.785
£.061

564,
575
£.014

227
227
£.007

1264
1266
£.007

1209
215
£.018

470
465
£.008

1,040
1,045
£.008

243
241
£012

1,188
1,201
£.027

2,781
2,750
£.044

562
.562
£.001

235
.230
£.015

265
266
£.007

2l
,215
£.018

24734
2.718
-.019

567
563
£4007

237
.233
£.017

269
,267
£.010

211
208
£.014

480
479
£.018

1.055
1,058
£.021

23
245
£.014

1.148
1.191
£.017

STAT
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| i
j | ) , TABLE_ITI_ - DIMEN INSPECTION REPURT FuR
| | TABLE I -DIMENSIUNAL LNSPFCTIUN KEPURT FOR —A—ty TABLF ¥ -
! SEVERAL PROTUTYPE EXTRUSIUNS UF P/N 226962 5 : SEVERAL PRUTUTYPE, EXTHUSTONS U P/N 226956 b 4 —4 |
i T T ‘ }% £
D i L L ) .
i ‘ 4
el E =g
|
{ Required ghocmion ‘\ Billet No{ Billet No.; Billet No. Billet No. Billet No.j | Rlequ;.red I Locrgion 2211;& No ?&lzt No. Eéil;t No. ?Zilget Nod fiﬁz; No.
i | pa59a. Am530-5 A64-1 AbL=2 | AL3TF 1 | esign | o; - A6l - _ -
Dlij:\::xgzmn i Insggction : %xis 15]im gx? ;im 3 Ex/t:. Dim. Fxt. Dim.j' Fxt. Dim. ! | Dimension i Inspection|| Ext., Dim,| Ext. Dim. |Fxt. Dim, |Ext. Dim. | Ext. Dim,
! I 11 10z 3 i | Front 1.10 1,106 1,115 1128 1.105
2 . F1.02 . 1410 | 1.429 | . Fron 2103 . . W12
A [1.4104,03 g:::c ! iiﬁ; %ﬁg ?1.205 1410 | 1424 ’ I 4 [1,300£.03 © Rear 1,112 1,109 1,123 1,137 1,122
- Variation |i £.009 4,009 ¢ -,008 000 A0l i ! Veriation | £.012 £.009 £.023 £.037 £.022
Front || .29 | 223 | s 20 23| Front | .187 .130 188 194 185
B | .2204.02  Rear |l 2R w2 .29 20 ) 23 B| 178402 Rer i '{.égs “1&2 !ézz | f(]ﬁ’? “1’812
| Verietion i 4012 0 A003 —002 L Ao A0 [ Lo szmtion ‘ 009 s f K K
‘ b | : | Front .33 312 313 321 .308
C | «4354.03 P ‘, Aﬁ i sz’ f§§ ﬁ} ﬁi 3 C | .298£.02 | Reur 15 .29 .38 217 ,z'%z
-+6% Veriation i A0 | A006 4001 L4009 £.019 § EVsriation £.007 £.021 £.020 £.023 014
| : ] . .
| I . . . .208 .210
Front ! L.406 1437 L.402 Loi2s 1 1.408 D| .201£.02 | ;‘:?r;t :gg 22 5?.8 215 .210
il et A xR R B Ay A L T 4026 | A035 | A0 | A0l | £.009
-.00 Vorietion | £.011 £.042 £.009 £.033 | £.017 | [Variation g K . . X
. . | Front 1,002 2995 1.101 1,022 992
oo 1 2 2 @ I m == | R AR e AR
265,02 1 Ree R . . ;e .2 .00 |Veriati .01 ) K g
—.cs [Varfetion | -.036  © -.027 Aos 0 Ao | fos +00 g"m“‘““’“ #.015 0.115 ',
3 |
|
| | |
|
. ‘ |
] ‘ |
i i |
' i i
’ i |
|
| .
| I 1
i !
| | |
| et i
.
4y
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TABLE IV - DIMENSIUNAL INSPECTION REPURT FUR : ‘ AR ¥ ~ DEABTONAL, JREPECTION HRPCES PO
‘SEVFRAL PROTOTYPF EXTRISIONS UF b/ 226963 . !

SNS— ‘ ——— . R A
) | Bi12et No. | Billet No. N ' Required  locatien | Billet No. Billet No. | Billet NoJ Billet NojBillet No.
Feq\}lred LOCZ;MH pﬁlléfg No. ?ié}zt No J\;[,-;_ o i Deaign ; o 53es T T protes b
Deeten e | Tncocction ||Pxt. Dim, | Fxt. Din. | Bxt. Dim. | Est.Dim. / . | Dinension 'Inspection||Ext. Dim, | Ext. Dim, | Ext. Dim. | Ext. Din.|Bxt, Dim.
| IR Kbt i  ESEEE—— —
1 . 2 46
| Fromt |l 4 412 2; ) ) Front 1,083 | 127 LU0 | 132 | a6
A 1457 A2 Reer +460 Pt s L1009 ] A | 1,1334,03 | Rear 1,093 | 1.135 L8 | 1,135 | 1136
~.00 | Verietion | A.010 015 .002 i |Vartation || =4050 A.ggg £.015 ‘ £i002 | 44029
1,751 1.776 | f -
o | Toont s Y R iy T 1,08 | 1,09 128 | L2 | Lok
B |1.732 £ .0 fear /O 5 Lo Lo 21050 B | 1,0854.03 © Rear . 1,084 1,193 1,203 | 1.108 1,094
- .03 | Variction .033 o g =00 Variation i £.007 #,008 £,030 | A0 009
Front 32, 325 2319 +325 o | uoo 503 S s |
I . . 516
C | .304£.015 | Resr 325 ;32} “’&75 “’)g C | 500£.005 | Fromt ' 500 502 2538 550 .gn
Verietion 021 8 g -.000 | Variation || ~-.010 | /003 AOU6 - £059 | fio31
Front 1.906 1.875 1.898 1.892 ) 1 i ‘
! Front i  .LoO 118 26 458 L6l
Duaid 06 | Rer | L6 L& P | D! M00K015 Rear | .39 | 5 Ao g | e
=03 | Verietion | 7.022 : : : [ =000  Variation || -.001 | A.018 Ae038 | £.059 | £.06L
' : ] |
Front L.2L5 1.267 1248 1.245 , " Front A1 | 150 Al ol | .k
E |1.2444.03 | Beer L.244 1246 igg‘ ig;’f : E | +140A.015 | Rear b | L8 a6 | e | s
Veriztion || A.001 #:003 4 : | =000 | Variation || 4,025 | 4.010 4036 1 4022 | A0k
| | }
| : i
|
1
i
|
‘
i

46
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— TABLE VII
%%M%% AS EXTRUDED TENSILE PROPERTIES OF P/N 226961 (MAXIMUM ENVELOFE)
YPE_EXTRUSL i
‘ SETaRAL PROECIR 2 e A — : EXTRUDED AT VARTOUS TEMPERATURES
e Iy L
7 B
f«l >~ s Billet No. Ultimate Yield Elongation Reduction of Area Approx.®
nsi. oS % Extrusion
0.2% 0ffset 3 Temperature °F
Required | Location muit Yo Rméﬁthwo. snéﬁtem. Biiéﬁt;{o. : Required 80,000 70,000 15% Min. 30% Min. |
; 34 AbL=3 A6l AbLi= g ’
1 Dhaencton _’Ipu;oction Bxt. Dim. | Ext, Din. |Ext. Dim. | Ext, Dim._ 4511 lf;gﬂ;gg ;Z»ggg gtg gg g 1700
i Front 996 1980 1,048 1,07k 98,600 78,000 2.2 29.3
B A | 980403 | Rear 993 981 1,052 1,093 101,200 80,400 2l.2 29,3
= Tariation £.016 £.001 44072 £.013 AVG. 99,500 79,000 2l.2 29.3
Front 398 JLoo ko LTk -
8| 369002 | Rear ‘oo “i30 3 3 A 51-3 100,800 ;660 26,44 k2.7 1600
57 varigion 4031 44061 4077 44108 ‘ igﬁgg g»;’gg g;; g‘%g
" pront 36l 1360 380 406 : 107,100 79,800 2.5 371
C | .330403 | Rear 363 W361 2378 W37 i AVG, 100,050 17,190 26.3 39.6
= | Variation £.03L £.038 #4050 £.107 '
| A 51-b 102,400 82,800 2507 40,6 1450
Front 185 .205 238 W27k . 103,300 82,000 25,7 Lk.2
| D | 170402  Rear 2190 L2l 260 27 2 81,k 25 3.2
& i R Pt 3 102,000 1,400 W7 3o
| ‘Variation X £4067 £.086 £.101 L 102,000 80,800 25,0 2.8
| ‘ AVG. 102,425 81,750 25.5 L2,7
! A 51-5 103,000 80,400 24,2 38.L 1500
‘ 101,800 795700 25,7 38.L
101,200 79,200 25.0 39.3
; 101,300 78,000 25,0 11,0
| AVG. 101,825 79,325 24,9 39.2
| A 51-6 102,400 79,200 2.2 37.5 1500
| ! " 120,400 82,200 26,4 15.3
102,000 79,200 23,5 39.2
I8 102,400 82,080 26.4 L5.3
| ' AVG. 107,300 80,670 . 251 1.8
Certified
physical 99,800 78,000 21,9 31.3
Properties
i { #Note: Indicated extrusion temperatures include temperature drop due to
. transfer from furnace to press.
48 ' by
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STAT

TABLE VITI

TABLE VIII (Cont'd)

THE TENSILE PROFERTIES OF A-70 TITANIUM FLANGES (CPTIMISTIC ENVELOPE)

THE TENSILE PROPERTIES OF A-70 TITANIUM FLANGES (OPTIMISTIC ENVELOPE)

: EXTRUDED WITH A 1550°F BILLET PREHEAT TEMPERATURE
it EXTRUDED WITH A 1550°F BILLET PREHEAT TEMPERATURE

AR EE

Part No.  Test  U.T.S.  0.24 Y.5. Elong. § R.A. § Positionw Comment
Temp. (psi)  (psi) —_ N =  Part No.  Test  U.T.S.  0.2% Y.S. Elong. ¥ R.A. § Positioms Comment
T/ 226956  Rn W0 B0 7 152 A T bl s ‘
RE 106,400 . .
mol0600 G0y pe e - O+ S 5 S
RT 106,000 83,000 25.5 b1, o 300 - . : 5
& 20w % a4 " mooSeme I a R
; A Indications T 6,100 23,0 b1 B
| §§° 1?,2“288 23,600 32,1 ﬁ”’ A of poor tempera- %o Ee’éoo - 3§°5 8.7 B
Y L 17.9 3.5 B ture control : - ) :
R 104,900 - 09 53 3 ' G om0 % af o
‘ \ 850 . 140,200 - 36,7 61.8 B
L P/N 226961 Rr 106,000 86,600 25.5 L2 i o osho0 - s o* ’
] R 106100 BS.500 253 b A -
i m oo s % blns A ' AMS 4921 RT 80,000 70,000 15 - - Specification
. BT 106,100 . =
& ¥ e fﬁ:égg gg:g 61,25).3 : Extensonster - RC A-70 650 Lo,000 - 25,000 - - - Rem Cru Data
: 650 My700 950 3900 523 g Mfmctn
Pomm - & B *
/N 4 00l 3.3 B - # Specimens from positions marked A are standard tensile -.252% diameter - test
v B/ 226962 Br 103,00 A specimens.
RT 10§:nog ;g”ggg 52 39«% A - Those fron positions marked B are sub-standard tensiles -.150" diameter -
! R 104,700 82,500 22 2 : v Toe Lorations. § .
o BT 105,700 . 80,800 23 3.5 A Msensouster | Tie Jocsians s s i Sl frum e nflbed 8 P 21
§ g go t ?200 30,800 3% 52.1 : Maltfunction
| 0 ,000 18,700 3 5.
g N A
B/N 226963 Ry 103,700 80,Loo 2
B llow g o we A
BT 103,600 82,80 2308 39.5 :
‘ RI 102,700 82,30  2j.0 .7 :
| 650 L5 koo 22,100 3700 3.8 A
, 0 Lo 2o w3 8% A
i /N 226964 BT 106,100 8L,400 2.8 42,6
i RT 106100 B4k 2. W3 A
BT 1oh,800 85,500 25,5 15.0 A
B, WLl fhgo gl g A
: s500 21,900 g, 60.6 A
50 B
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TABLE VITT

TABLE VIIT (Cont'd)

THE TENSILE PROFERTIES OF A-70 TITANIUM FLANGES (CPTIMISTIC ENVELOPE)

THE TENSILE PROPERTIES OF A-70 TITANIUM FLANGES (OPTIMISTIC ENVELOPE)
EXTRUDED WITH A 1550°F BILLET PREHEAT TEMPERATURE

EXTRUDED WITH A 1550°F BILLET PREHEAT TEMPERATIRE

Part No. Test  U.T.S.  0.2% Y.S. Elong. ¥ R.A. § Position# Comment
Temp. (psi) (psi)

“Part No. Test  U.T.S.  0.2% YoS. Elong. % RoA. § Position# Comment
(psi)

Temp,  (psi)

B/N 226956  RY 102, ﬁoo 85,700 2.7 Ls.2 A - -
RE 106,100 83600  23.6 L. A ‘
RT 106,000 81,000 23,0 32.5 A s m g - 170 b 5
g;o 1?‘?9230 83,000 2?5 s A ﬂ 13(6;;%88 - %gg lﬁﬁg 3
0 32,100 359 60,6 A Indicat : - ; ' 5
ay 132288 2,500 21 6.6 A of poor vesperae s B ke o %2 57
5 . 17.9 3.5 B ture control : = . 3t »
R?  10k,900 - 20,9 53.3 B ' R - e o b
o 650 Lo, 200 - 36,7 61.8
P/N 226961 RT 106,000 86,600 25.5 2.3 A 3 0 uojhoo - 5 o g
RT 106,100 85,500 25.3 3.5 A _
RT 107,100 85,100 2.7 415 A { s 921 " #0000 10,000 o N ) S
2;-0 1&5%00 85,100 26,0 5.5 A Extensometer — & RC A=70 650 Lo,000 25,001
2 Mszﬂ(;g lgjggg gg@i ?gag A Malfunction ! o000 - - ) o o e
M 0,50 - 10 i35 . "
000 20, . u
5 N 13 B - # Specimens from positions marked A are standard tensile -.252% diameter - test
BN 226962 BT 103,000 78,500 23 394 A i
PoBE ORR o om o el g s 5 st
2 500 YA est specimens, .
e 105j700 805800 2 ggug A Welnsometer ) The locations these specimens are teken from are indicated in Figure 31,
ggo i‘gn 200 30,600 3% 52.1 AA Malfunction
0 16,000 18,700 37 52°7
s . A
B/N 226963 Ry 103, 700 80,400 2L.0
B l0h00 82,30 254 b z oA
BT 103,600 82,800  23.8 39.5 A
R 102,700 82,900 2o a7 :
650 Lshoo 22100 370 53.8 A
650 L2000 21,00 37.3 53,2 ﬁ
P/N 226964 R 106,100 8,400 2
B 106,100 8} 600 2’3?? ﬁiﬁ A
B 104,800 85500  a5g 150 A
B 107,100 Bldoo o5, i A
650 Lb,000 23,500  Lo'a g 4
650 500 2,90  4gl  gors :
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TARLE IX

TENSILE PROPERTIES OF A110AT TUBULAR EXTRUSIONS

trusion Condition Ultimate 0.2% %
E}}t‘mg:;o ° Strength Yield Strength Elongation Reduction — Remarks
psi pei of Area
o 29 Upset & pierced at
T e e bl B 7 200 - Brtruded
’ d at 16909 through
Average 136,000 126,500 18 28  Reentrant Die
d at
1 Extruded & 131,000 116,000 17 33 Upset & pierce
Ammealed = 134,000 117,000 16 3 20000 - Bxtruded
1500/% hour 133,000 119,000 1 39  at 1890° through
136,000 129,000 1 35  Reentrant Die
‘ Average 133,500 120,000 b 35
2 As-Extruded 1LL,000 130,500 18 32 Upset & pierced at
12500 130,500 18 29 19000 - Extruded
at 18900 - through
Average 143,000 130,500 18 30,5 1300 die<billet en-
cased steel sheath.
i 2 Extruded & 1hk,000 136,000 17 L3 Upset & pierced at
I Annealed 142,000  13k,500 17 L 1900° - Extruded at
v 1500/% hour 143,000 131,000 15 L2 - 1890° through 130°
i 141,000 131,000 U L2  die-billet encased
. in stesl sheath.
Average 142,000 = 131,000 16 13
147,000 136,000 u 2 Certified data

from Rem-Cru

52

26
27.1

Elongation

96,420
79,560
82,620
80,430
87,000
77,L30
Not Record.
55,560
77,260
91,070
81,370
65,620

93,060

Yield
Not Record.

Tensile
100,900
100,810
99,800
93,970
10L,030
96,800
111,750
96,190
88,570
103,800
98,630
10L, 720
100,930
102,180
99,310

Sect.
Thick
Thin
Parent
Thin
Heavy
Thin
Parent
Thin
Parent
Thick
Thin

C. We
C. We

MPD

Tester

Rings Tested

8
g
E
5
¥
5
Qo
E
5
B
g
:
:
B
g
=]
g
3
e
g
£
:
&
:
12}
E
g
13

Welding Vendor

226961
(not. sized)

227594
(not sized)

Part Number
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TABLE XITI

Ultimate  Yield %

Strength  Strength  Elongation
Upset Area 136,000 - 8
(transverse 136,000 - 10
to shaft 137,000 - 1
axis) 135,900 - u
Heat 134,000 - 15
Affected 133,800 - 15
‘ Zone 137,000 - 9
(Longi tud= 136,000 - 10
| inel speci- 128,200 - 10
i mens) 130,000 - 9

Notes ALL specimens annealed 1500°F/1/2hr/Atr Cool

TENSILE PROPERTIES OF THE A110-AT UPSET FLANGE

®
Reduction In

Ares Comments

4105 Coarse Grains

43 " "

37 Relatively Fine Grains

33 Relatively Fine Grains

28,6 Coarse Grains-Shear fracture
28,1 Coarse Grains-Shear fracture
31 Shear Fracture

29 Shear Fracture

34 Coarse Grains-Shear fracture
28 Coarse Grains-Shear fracture

-
|
L]
|
-
-
-
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TABLE XIV - DIMENSIONAL INS

SEVERAL PRUDUGTION EXTRUSI

Required Locetion || Billet No. | Billet No. | Billet No. | Billet No.
Design of [ A173-B ' a731 AL73-F A173-B
Dimension Inspection Ext. Dim. ! Ext. Dim. Est. Dim. Ext. Dim.
Front 2,767 2737 2,745 2,770
A | 2.801 Reer 2,800 2,734 2,750 2,768
2,707
Front 626 615 h13 600
B 687 Rear 600 610 608 607
+593
Front 266 1258 1261 243
c 346 Rear 261 1257 1264, 246
252
Front, .263 .283 286 261
D 354 Rear 263 271 283 268
+260
. Front, 228 237 241 214
E 1323 Reer 225 237 236 .218
229
Front 503 512 +506 495
F 1588 Reer 515 \511 499 498
494
Front 1,088 1,086 1.103 1.080
G| 1.163 Reur 1.082 1,084 1,100 1.075
1.069
H Front 271 276 .285 .236
357 Reer 264 264, .280 1255
263 |
Front 1.200 1.195 1.210 1.237
I | L1269 Rear 1,204 1,200 1.208 1.241
1175
t .980 1.972 1.977 1.9
7 2.043 ggg? }_936 1.970 1.980 1.928
1.949
57
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DIMENSTONAL INSPECTION RERURT FOR "_ 4> .‘
S OF PN 226956 TL U‘B TABLE XVI - DIMENSIONAT, INSPECTION REPURT
D

A
FOR SEVERAL PRODUCTTON EXTRUSIONS UF_I7N 226962 { |‘— _’.1

T P
D E

k- " NP

Required Locetion Billet No. Billet No. |Billet No. Billet No Required Location Billet No, Billet No. Billet o, | Billet No.
Design of AL71-B ALTL-1 ALT9-F 179-1 Design of A172-R A173-2 A172-F A180-1
Dimensions | Inspectio xt, Din Ext, Dim Ext. Dim Esta Dim | Dimension Inspection || Exte Dim. Ext. Dim, Ext. Dim, | Ext. Dim,
Front 1,157 1,137 1.164 1.105 . Front, 1,437 1,32 1.437 1.421
1.195 Reer 1,156 1,09 1,167 1.120 _ L.474 Rear 1,437 1,447 1.421 1,421
1.131 1.380
Front 240 238 236 W34
Front 222 206 207 157 345 Rear 233 226 227 237
274 Reer . 223 207 195 .161 - $251
210
Front 439 438 439 436
Front 31 305 311 286 K 499 Rear 420 419 WATA AV
4393 Rear 342 .2%0 .308 .300 ; 405
329
Front 1.2 1.428 1.2 l.42L
Front 1265 +200 243 .210 Reer 1437 1.429 1.437 1,453
296 Reer o265 196 .- 218
232
Front W281 +288 +281 281
Front 1.015 1.005 - 980 ’ Rear o281 275 234 281
1.082 Reur 1.035 1,017 - 975
1.018




1.214

Required Locetion Billet No. |Billet No. Billet No. | Billet No,
Design of £172-B +173-2 A172-F 181-B
; Dimensions Inspection || Ext. Dim, Fxt. Dim, Fxt. Dim. Fxt. Dim,
i Front 461 WL42 WAL 460
A 521 Resr 457 452 W52 455
421
| Front
i B | 7°5 min. Rear
! L1
Front 163 151 156 154
[ REA Rear 160 156 JA47 W1
137 ¢ 7
Front, 1,906 1.885 1.905 1.896
D | 1.948 Reer 1.906 1.890 1.8 .
Lin 890 1.900
i Front, 1.234 1,240 1.230 1.240
E | 1,308 Reur 1.225 1.231 240 1232

SEEERRRREREREREREESED

T
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TABLE XVII1 - DIMENSIONAL INSPECTION REPURT

FUR SEVERAL PRODUCTION EX

B/N 22606¢

USTONS UF

Required Location Billet No. Billet No, | Billet No, |Billet No.
Design of 171-F1 171-F 171-1 171-B
Dimensions | Inspection Ext. Dim, Ext. Dim. Ext. Dim. Ext. Dim
Al 1,044 Front 1.011 1.019 982 2982
950 Reer 1.017 1,003 974 4993
B o534 Front, Hvy. A79 493 497
o440 Rear Ribs LT 57 462
c o456 Front 342 .336 2365 340
362 Reer 345 341 352 2336
D 238 Front 277 182 168 .165
YA Reer .181 J183 150 168
E| 6°30 min Front 6 & 6030 min | 6230 min
£1° Reer 6° 6°30"min 6°30 min | €°30 min
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TABLE XIX - DIMENSI(

X

Required Locetion Billet No. Billet No, | Billet No. | Billet No.
Design of A327-1 A129-11 A323-8 A3?7-T
Dimension Inspection || Ext. Dim. Ext. Dim. Fxt. Dim, Fxt. Dim.
I Front 1,250 1,252 1.249 1.256
A 1,335 Rear 1.260 1.249 1.2/43 1.237
1,251
Front 1.250 1.260 1.240 1.259)
B 1.329 Reer 1.245 1.240 1.240 1.254
1.255
i Front 1.630 1.695 1,700 1.696
C| 1784 Rear 1.700 1.695 1,695 1.700
1.700
Front 765 JT8) i JT65 796
D .819 Reer 781 NG 6 K
73 5 79 796
Front pAv 415 410 416
E $523 Reer WA12 W40 .’ 9 .
‘3 409 409 yAYA
. 1 Front 438 434 W3 W45
e Rer <436 43, 428 43
Front, 29° 300301 0
¢ 0 30 297301 30°
ggd Reer 28301 300301 30030+ 100301
i
L I

E
By

1

-ADL:'

T

Billet No,

Required Locetion Billet No. | Billet No. Billet No.
Design of A215-F A215-B ALL9-F -—
Dimension Inspection Ext. Dim. Fxt. Dim. Fxt, Dim, Eth. _IJim.
Front 1.515 1,500 1.485 -—
Al 1,586 Rear 1.508 1,483 1,520
1,502
Front 1.160 1.145 1,180 -
B| 1.227 Reur 1,168 1.140 1.162 -
1,153
Front 340 4330 2360 -
C| 408 Reer o344 2333 352 -
334
Front, W28 407 W39 -
D| w492 Reer o423 410 430 -
W18
Front 20 23°30! 2° -
F | 24°30 Reer 21° 24°30! 23 -
20°30!
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e

TABLE XXI - DIMENSIONAL INSPECTION REPURT. FOR
ERAL, PRUDUC ¥ A

ACTUAL DIMENSIUNS

Locenton 0.0, (INCH) T.D.(INCH) THICKNESS (INCH)| LENGTH
FEET
FRONT REAR | FRONT BE’R - [FROND  REIR (rerm)

6.330 6,333 4978 5024

6.343 6,342 44930 5.005

N
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’i TABLE XXIT

| HE YECRANTGAL, FROPESTIES OF TYPICKL EXTRUDED AXD AMVEALED SECTIONSFROM THE FRODCTION FLANGE EXIRUSION
B MECHANICAL P

STAT

Location of Type of o Vs, s, . .
" Part Billet Heat Sample In Material ' o . " o %v. o1 0. Lii wr R cema rotes
[ Ident, Number Number _ MNumber _ Kxtrusion A-70 Fe D psi) (ps1) g -
| 1 206056  AL79-F 221555 Fromt cm“(c.P.) 0.3 0,20 0.04 0,052 0,002k 0175 01 iﬁ?;?‘éﬁ gi’,ﬁ%% gi ;; Acg
# 2 A1'7|1 B mg 183 } Forge (G.P.) 012 0.7 0,09 0,015 0,0000 0,10 0.20 i&ﬁ"?‘é’g g,ggg g; ;& . ﬁ&.
1 i ) ) e 4 y ¢ ]
‘ ? 226961 Algl 1 A '11473 Ba‘r':k tast (C.P.) 037 0.4 0,052 0,05  0.0012 067  0.302 %8%’8‘33 %’288 gi ’ﬁ’a?, . ﬁ?n
- . . ) X ‘ ACE
6 1 p , 2, 105,500 82,500 27 13 Ao
AL73-F F10-L83 v Forge (C.24) 108,50 t,50 N B
] g " . ' " w0030 15,300 155 aotamaia k3
l 3A n " x " 111,2% gg’ggg gs ﬁ; 5 A
9 206062 ALT2-F  R10-483 oy ’ )
| ¥ . . . ' 08 0.0k 0048 00030 0,282  0.l05 96,000 72,300 2l 37 ACE
l 1 A218-F  2-1095  Front cast (C.P.) 0,27 O . o e e & g miv-m,ggg‘l;;eml
- "
12 u " n " 107,000 83,500 25 hs p :gi
i 13 226063  Al81-B 21575 Back . s B 300 2 >
- 1k n W "
1 . ACE
107,000 - 26 2.5
] - 0.0 0.028 0,0087 ' 0250 0.305 ) 2 AcE
j 15 26963  AGi-lo e Froa Forge (C.P.)  0.28 e gt w 5 i3
i . ‘ ACE
i? 22696 . AL71-B RLO-WE3 . }glj"ggg g g, ggg 23 ﬂg iox
N " n :
; ig AL7941  2-1558 " Cast (C.P.) 101:%0 7300 % . é?, :g
g2 o0 !t‘ n " " 109’ 0 i . ACE
O s . MITLF  MO-B3 Back Farge (C.2.) igg’ggg = 0k ig ACE
) 1 " n R Y o i ACE
. ‘ . §§ Al"l‘)-l 21555 Front Gast“ (c,P.) . g;’ggg m_._ooo %g.g gg : e
" " ! o 0
2 ; : 1 2%n 0.0 0.03 0,028 0130 - 7,000 12,000 Bo % L
! 2 o239k A129-10 D1221622-B Back rarg:(mou‘) 5A1 25 00, Bgi‘m o wo 3k ggg
T 7 . . " ' Do Lo 180 323
| i % e 2129-10 D1221622-B Back Forge(A110AT) :
| ; g’goog gg’ggg ig l-‘? Minimum Properties
U
| j-yatay el 05 (010 Othzfagmml 0 0.20(nax.) 125000 120,000 18 13.3 Minimn Properties
| Vendor It chemist) 115,000 110,000 15
| i Vendor Data Typical  A-11GAT 0.10 050 0,20 020 0,07 00175 0.20(nax.
WAD - 7852 .
- Notes: (-T) ton Ratd oxggen aquivalent = 026 # 2% £ 23
ol N e e 3011 Extrusion Ratio.
§ Pure Billets Heated 1550 F-1 hour at an approx.
a g: ;ﬂ;fgé:lg-lmﬂ) billet heated 1900 F~1 hour a2t an approx. 30:1 Extrusion Ratio. o
} * ¢ C.p. Material Annealed 1300 - 2 hours in He - A6, ¢
; Do E130T Material Amezled 1500 - 1/2 nours in He - A.6.
£ 0,252 Dia, Tensile Specl}men.
[‘ ‘ F- 0,150 Dia. Tensile Specimen.
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TABLE YIIT

THE TENSILE PRUPERTIES OF EXTRUDED A-110-AT PRODUCTION TUBING FRUM FURGED BILLETS

%
Ultimate Yield % Reduction
Strength Strength Elongation In Area Comments

As-Extruded 130,200 118,000 15 31 Coarse grained
Tube 126,000 115,300 16 32 " "
a) Stenderd

(Zongitudinal)

b)Sub-Stenderd 130,200
(longitudinal) 132,000

Flange

a)Stenderd 129,000 117,900
(longitudinal) 127,000 116,800
b)Sub-Stendard 133,000 -
(longitudinal) 133,200 -

Flange 139,000 126,200 Coerse grein
a) Standerd 136,000 125,200 Fine groin
(trensverse) 139,500 - Coarse grein
140,900 - "
131,000 -
133,000 -—
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TABLE YXIV TAPLE XXV
COMPARISUN U CONVENTIONAL, MANUFACTURING METHODS (FURGING AND FLASHSBUTT WELDED BARSIVCK)

10_EXTRUSIUN uN_THE BASIS UF MATERIAL UTILIZATION

D SECTION AND BASE METAL OF FURMED AND WELDED RINGS

THE TENSILE PROPERTIES OF THE WEL!

Ident. U.T.8. 0.24 1.8, % Elongstion %R. A.  Comments |
1
{ M71-B-7-1 108,200 - 143 0 Weld i
‘ -2 101,000 - 17.3 1.3
! ¢ _— Part & gie:::?ed Boash Sl (L U Percentage
i — 18.9 40, e ugh Weight(1lbs) Mat'l Utilization of
AL73-2-3-1 111,100 Part  Assembly Weight Factor Welght
2 114,100 - 18 43.5 No.  Neme {lbs) _ Conventional¥Extiusion Conventional¥Extrusion Saved |
g - 19. 0 Veld 226966 Flange-Combustion 1.0 3.0 2.2 .
A179-1-3-1 105,300 9.4 & Chember Heat Shisld 33 45 3
-2 106,000 - 17 4.5
: 226962 Flanges, Front 6
1o - 14,9 32.8 Veld ges, Front, 5 1401 9.6 w40 W57 32
AT79-1-4-1 104,200 4 226963 Reer & Brace-Rear 3,8 1.1 5.8 o34 <66 48
| 2 102,800 - .7 25 226964 Main Bearing Sup- 3.0 8.7 6.0 .36 .52 2
b port Cone
i A181-F-8-1 107,000 85,500 24 o5
-2 - 17 6.5  Weld 226956 Flanges, Front & 2.8 8.4 4o? .33 67 50 '
2 107,700 4 e 226961 Resr-Rear Main Bear-4.1 16.5 8.3 .25 .50 50 j
A218-F-5-1 111,800 93,000 28.5 45,4 Veld ing Vapor Duct {
|
-2 104,000 88,600 18.2 47.5 22759 Flange, Front &Rear 4.8 - 8.0 - .60 - ?
227596 Turbine Stator Blade5.s - 9.2 - .59 -
Support il
. - 226970 Shaft, Turbine 19 69,0 34.0 .28 .56 50 |
a) Weld joint within the gauge length Rotor-:Front |
{
130.8 70.1 45.5

#Flash-Butt W elded Rings from barstock or forgings.

69
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REAR MAIN BEARING SUPPORT CONE.

COMBUSTION . CHAMBER HEAT SHIELD

TURBINE ROTOR SHAFT-FRONT

TURBINE STATOR BLADE
SUPPORT

REAR MAIN BEARING
VAPOR  DUCT.

FIG.I- CUTAWAY VIEW OF THE CURTISS-WRIGHT J65 TURBOJET - SHOWING
THE TITANIUM PARTS AND ASSEMBLIES MANUFACTURED UNDER
THIS - PROGRAM.
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[
/6.576 DIA 20 ‘
DrA. 12.077
SN 13,612
13520
>4 49 7_ 13515 7
///
o080
7060 ‘ )
/ =z
3, iy
7 f T
\ 4 g 082, £252.
‘r L io76 ]
![ i 126 — A= f
B /r »{ (52 tj»w
3 /1N 08 110 —» ; 120 —>
\ FA 3 102 b f 05
)
. FIGURE 4. P/N 226964 - Flange Brace, FIGURE 5. ‘P/N 226956 - Front klange, Hear
| FIGURE 2, P/N 226962 - Front {lange, FIGURE 3. P/N 226963 - hesr Flange, Rear Main Bearing Support main earing vapor Duct Assembly,
! Reer Main Bearing Support Cone Rear Main Bearing Support Cone Cone Assembly, Meterial T1i-AT0 Meterial Ti-A-70
Asseubly, Material Ti-A-7 hssenbly, Material Ti-A-70,

g
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=497

FIGURE 6. P/N 226961 - Reer Flange,

Rear Main Beuring Vapor uct
Assenbly, Material 11-A70

FIGURE 7. ®/N 226966 - Fiange, Combustion

Material, Ti-A-70
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4.59
24,

Chember Heet Shield Assenmbly,
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FIWRE 8, P/N 227594 - Hear Flange,
Turbine Stator Blade Support
Assembly, Meterial Ti-A110-AT

—-{.35

|
22.19
DiA.

|

|
|

FIGURE 9, ¥/N 227596 - Front Flunge,
Turtine Stator Blade Support
Assenbly, Material T1-A110-AT
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P/N 22696

26.3/2

/i 608118
Hear Main Be:ring
Support, Cone Assenbly

P/N 226970 - shaft, Turbine fotor Front, Material Ti-A110-AT

FIG.II- P/N608II8 -REAR MAIN BEARING SUPPORT GONE ASSEMBLY

F1GURE 10.

i
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P/N 226956

‘ ‘ ) PN 226961

P/K 608109

-

REAR MAIN BEARING

VAPOR DUCT ASSE¥BLY

FIG. 12 - P/N 608109~ REAR MAN BEARING VAPOR DUCT ASSEMBLY
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FIG: 13- P/N 608120~ COMBUSTION
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xﬂ rl ) ‘

EREREER

9 i]
| o i . P/N 227594

P/N 227596

FIG.15- P/N 226970 - SHAFT, TURBINE ROTOR FRONT

FIG.14 - P/N 608569~ TURBINE STATOR BLAOE SUPPORT ASSEMBLY.
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BILLET

ERRREEER

FI6. 16 (b) - TOP VIEW OF THE 12,000 TON EXTRUSION PRESS,NOTICE
THE BILLET IN POSITION TO BE TRANSFERRED INTO THE
CONTAINER

FIG. I16(A)-12,000 TON HORIZONTAL EXTRUSION PRESS

L | .
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16(C) — CLOSE UP VIEW OF THE CONTAINER AND DIE BEING LUBRICATED.

‘G.
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INTO THE

FIG. 16[d)- CLOSE-UP VIEW OF A BILLET BEING TRANSFERRED

CONTAINER
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FIG. 16(€)- CLOSE-UP VIEW OF THE BILLET IN POSITION FOR- EXTRUSION

FIG. 16 (f)- A BILLET BEING TRANSFERRED FROM THE FURNACE TO
THE BILLET LOADING TABLE

86
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‘ ©® THERMOGOUPLE # | |
‘ i FIG.16(Q)- AN EXTRUDED SECTION MOVING INTO THE RUN-OUT TABLE ) O THERMOGOUPLE # 2 |
| © THERMOGOUPLE # 3 ‘
\ \ ! \ SALT BATH SET TO CYCLING AT I850°F, P"‘
i i
i °%3 12 24 % a8 4‘
|
: TIME - MINUTES i
‘ ‘ FIGURE 17 HEATING CURVE FOR AN 8 INCH DIAMETER 1“’:
1 TITANIUM BILLET HEATED IN. A SALT BATH TO I850°F j
| |
| |
| \ '
|
|
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PROPOSED FXTRUSION

MAX, ENVELOPE - 1/8% Avsraga
MATFRIAL - = = - AMS 4921
VAD 7850 [T
Py Tiunsm)
- = 1,60 in,
= 48 in,
- 76,8 In,
----- 3.074 per Ftu

+.000
2804 —--

I
100
004 zho l‘ ) '}.
| -1, 025 =i

2277

ACTUAL SIZE

Note: Cross-hatched erea indicstes
finish-machined detail part.

FIG.I8-MAXIMUM ENVELOPE SHAPE FOR THE EXTRUSION OF P/N 226961,
FLANGE, REAR MAIN BEARING VAPOR DUCT ASSEMBLY.

-y
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,LENGM

‘/

A

228K
PHOPOSED EXTRUSION

MAX. ENVELOPE - 1/8" Average
MATERIAL - - - AMS 4921 and WD 7850 (C.P. Titanium
AREA - - = - - 1.1
&1 1n3
VEIGHT = = - = = .71// per .

FIG.I9 - MAXIMUM ENVELOPE SHAPE FOR THE EXTRUSION OF P/N226963,
FLANGE, REAR MAIN BEARING SUPPORT CONE ASSEMBLY.
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otet Cross-hatched area indiceted
finish-machined deteil part.




Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/09/09 : CIA-RDP81-01043R002500180004-7

PROPOSED EXTRUSION 4086
‘ [T T S:m}mmmfnffz. z 355?%2{32:4»7850 (CoP. Titaniun e
D mm———— e e mew oo ;‘éé":’ .
n 225 =il B gttt
L
| i LN F16.21-OPTIMISTIC ENVELOPE SHAPE FOR THE EXTRUSION OF P/N22696I,
; ) o FLANGE, REAR MAIN BEARING VAPOR DUGCT ASSEMBLY.

FIG. 20 PHOTOGRAPHS OF AN EXTRUDED
SECTION OF P/N 226961 SHOWING CROSS-

SECTION AND SURFACE QUALITY
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’T( o

ot

o H o080
I ! '-— — 1410
| » i
: it o
5 PROPOSED EXTRUSTON Lo | o
{ " xors
OPTIMUM ENVELOPE - Approx 1/32% 139 P L
PROPOSED EXIFUSION T w6ty oo (e vl o W/ e ar
bk 00 AREA - e e oo wo . n
| LENGTH = = = - -~ = 72 In
| OPTIMUM ENVELOPE - A 1/32" 3
I MATERIAL - - - = = = AES’”‘Z%/& VAD-7850 (C.P.Titentun) ME - et
i MREN === = mmm ey 43 T .
LENGTH = - = = = = = € n. 3 ACTUAL SIZE ACTUAL SIZE
VOLUME~ « - =~ = = = = 25.8 1 N N
VEIGHT = = = = = = - 837 p:r t, Note: Cross-hutched area g Notes Cross-ilatched areu indicates
< indicetes finish-machined Tinish-machined detail oart.
deteil part.
FIG.22-OPTIMISTIC ENVELOPE SHAPE FOR THE EXTRUSION P/N 226956, ) FIG.23 - OPTIMISTIC ENVELOPE SHAPE FOR THE EXTRUSION
FLANGE, REAR MAIN BEARING VAPOR DUGT ASSEMBLY. OF P/N 226962, FLANGE, REAR MAIN SUPPORT CONE

ASSEMBLY.
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f
b
——’,1/57"
L)
‘ ‘(,!}f,; 1735
| A T /
1. N /
by 1526 7/
| PROPISED EXTSION Jre PRPSSED HIIREIOL
i .00
; OPIIMH ESVELOPE - - - - 1/52m s . OPTIMUM ENVELOPE - Approx. 1/32"
s MATERIAL = « - = - - - Ail%lz‘?z% & VAD-7850 (C.P. Titenium) ‘ Xﬁgﬁmf"_ : - : "'Zg ?,9,51 & VAD-TES0 (C.P. Titentun)
| Bk -~ oo - - - - - LU I LENGTH - - ‘@1
| [ . P e VOLINE - % 107 e tontes Fintone
B | WEIGHT = = = = = = = = = 2,13 be/ft Noter Cross-hatched area indicutes ‘ VEIGHE - = = = - - 1.15 1be/f mechined deteilE nart.
\ finish-machined detail part.
| e
‘\ H FIG. 24 - OPTIMISTIC ENVELOPE SHAPE FOR THE EXTRUSION OF P/N 226963
| v FLANGE, REAR MAIN BEARING SUPPORT CONE ASSEMELY g FI6.25- OPTIMISTIC ENVELOPE SHAPE FOR THE EXTRUSION OF
A f o P/N 226964, FLANGE ,REAR MAIN BEARING SUPPORT CONE
i ASSEMBLY.
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sl
V‘

ﬂn[

\
|- 3692020 \
‘ AN 226963 ‘

Feuley Jouble Size : \

o ‘\ K
» \ /
@@] \
PROPOSED EXTRUSION \ /

|

} \ P/N 226962
i |
; Il
H | !

1 ‘

i ‘ .

? OPTIMUM ENVELOPE - Approx. 1/32" Adtuel Size \ /
\ i MATFRIAL - - - - AMS 1.92% & WAD-7850 (C.P. Titanium) A /

{ AREA - - = - - - - 26 1in, i Ay //

; ENGTH - - - - - - 60 in, or in 60" mults, .

j ¥ bg]}fg}};; _____ 15'6n1n?§ " e Note: Cross-hetched . \ //

| SR VEIGHT - - - = = 504 per £t orea indicetes finish- ’ AN /

(’ i or pe machined detail part. 4

FIG.26 - OPTIMISTIC ENVELOPE SHAPE FOR THE EXTRUSION OF P/N 226966,
FLANGE, COMBUSTION: CHAMBER HEAT SHIELD ASSEMBLY.

FIGURE 27a, SCHEMATIC DRAWING UF THE MULTI-OPENING DIE FOR TYE EXTRUSION
‘ = il OF PAN'S 226962 AND 226963
J
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P/N 216966
‘ . B/N 226964

| ‘ F16.28- PHOTOGRAPH OF A MULTI-OPENING EXTRUSION

; FIGURE 2The SCHEATIC DRAWING OF THE MULTI-OPENING DIE WOR THE EXTRUSION -
! UF B/N'S 226956, 226966 AND 22696/, ’ P/N 227594 AND P/N 227596
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Condition: As Extruded
Extrusion Ratior 33;1

TENSILE

100 o8 ’\a

80 Ny

Strength-1000 psi

P/N 226962 o PN 226961

REDUCTION AREA

40 o—o—_ |

20|

Percent
g
e
=]
g
=

1400 1500 I% 700

Extrusion Temperature -(°F)

N 226964 PN 226966 e
| FIG.30- THE EFFECT OF EXTRUSION TEMPERATURE ON

FI6.29-PHOTOGRAPHS OF THE OPTIMISTIC ENVELOPE EXTRUSION OF P/N'S ] THE TENSILE PROPERTIES OF A70 TITANIUM
22696|, 956, 962, 963,964,ANDIE6, MATERIAL , Ti-A70, EXTRUSION EXTRUDED TO THE MAXIMUM ENVELOPE SHAPE
TEMPERATURE, 1500 °F. OF P/N 22696 .
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MF-226%66 £

i NP-224 941 E

FIG.31 - CROSS-SECTIONS OF THREE A70 FLANGES INDICATING THE LOCATIONS OF

i STANDARD TENSILE - (0-250"DIA.) TEST SPECIMENS (A) AND SUB-ST,
TENSILE - (J50"DIA) TEST SPECIMEN (B) i B STANDARD
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MAG. - APPROX \‘X

R I XN

LA

FIG.32 - PHOTOMACROGRAPHS 8 PHOTOMICROGRAPH OF A LONGITUDINAL

SECTION OF PN 226956 (A70 MATERIAL) EXTRUDED WITH
BILLET PREHEAT TEMPERATURE OF 1550°F. ‘
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MAG - APPROX 1X

R T TR
) MAG. - 250 X
F16.34 - PHOTOMACROGRAPHS & PHOTOMICROGRAPH

OF A LONGITUDINAL SECTION OF P/N226962 ETCHANT

PR G
MAG. - 250X

FI.33 - PHOTOMACROGEAPHS AND_ PHOTOMICROGRAP ErcHanT: (A0 MATERIAL) EXTRUDED WITH A BILET 55 paas - o
b (370 MATERIAL) EXTRUDED WITH A BILLET 95 PRI - MO PRENEAT - TEMPERATURE. OF IS50°F ey
! PREHEAT TEMPERATURE OF 1550°F s - oL i 1O " - HE
’ 10 " - HF
107
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MAG. - APPROX. | X

MAG - APPROX.' | X

TR REEE

FIG.36~ PHOTOMACROGRAPHS & PHOTOMICROGRAPH OF A
LONGITUDINAL SECTION OF P/N226964. (A70

MATERIAL) EXTRUDED WITH A BILLET PREHEAT

FIG. 35-PHOTOMACR OGRAPHS: & PHOTOMICROGRAPH OF A TEMPERATURE OF 1550 °F ETCHANT:
LONGITUDINAL SECTION OF P/N226963 (A0 MATERIAL) . - % s up
EXTRUDED WITH A BILLET PREHEAT TEMPERATURE = oo .o 25 - ifos
OF 1550°F. : 25 PIRTS - HiO LS - HoL

15 PARTS - HCL 1o - HF
10 ARTS - HF
109

108
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MAG. - APPROX. | X

FIG. 38

oDl
ot e

MAG. 250 X

FIG. 37 - PHOTOMACROGRAPHS & PHOTOMI‘CROGRAPH OF
P/N 226966 (AT0 MATERIAL) EXTRUDED WITH AA
BILLET PREHEAT TEMPERATURE OF I1550¢F

ETCHANT !

95 PARTS - H,0
25 - HNOy
15 " -HCL
10" ~HF
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HARDNESS _SURVEY

DEPTH FROM SURFACE

CONVERTED ROCK-

WELL C
-gg":, 200
004 20.0
007" 19.5
.010" 200
013" 19.5
ole" 20.0
019" 200
022" 200
025" " 19.5
028" 200
031" 19.5
034" 19.5
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